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AIIO TH XYNTAZH EDITORIAL

PAPMAKEYTIKH 26, 1, 5, 2014 PHARMAKEFTIKI 26, I, 5, 2014

Me 1o mapdv 1edy0g 1 «Pappokeutikni» EeKivd To 260 £T0G TNG TAPOVGING TNG MG AULYDOG
EMOTNUOVIKO TEPLOOIKO GTO YDpo TV Pappokevtik®v Emomuadv. X didpkela avtov
TV XpOveV 1 «DPoppoKeuTIK» £(El AVENCEL CTLOVTIKA TV OVAYVOPIGILOTNTA TG, 101
aitepa petd v gpedvion g ot fdon dedopévev Scopus Tov ekdotikov oikov Elsevier.

H «®appaxevtikiy prioevel dpbpa avackonnong kot gpguvntikd apbpa, evd emiTpé-
TEL T1) OMLuovpYyia E0IKOY oTNA®V aviaroya pe ™ Ospatoroyio. Emdioén eivor n dnpoci-
€von ApHpmV TOL TPOEPYOVTOL AT SLULPOPETIKOVS YDPOLS GUVAPELS [e TIG DUPUAKEVTIKES
Emotmpec mote va dtapoppmvetol Eva mapdbopo oty moldmievpn evnuépmon. Eni mAé-
oV 1 «PapUAKELTIKNY TAPEYEL TANPOPOPNOT GYETIKA e Ve Kot eEeAi&elg otic PappaKev-
Tikég Emotueg o Bépata ayyune, oyeTikd pe v Tpofoin EpELVNTIKOV TPOYPUUUATOV
GTO OTOL0. GUULUETEYOVY POPELG TNG YDPUG LOG KOG KOl GYETIKA LE EMOTNHOVIKA Spd-
pevo (muepideg, cuvédpla) otov eAladko kot d1iebvn yopo. H Zuvraxtiky Emitponr tov
ePLodKOD avayvmpilel TV EMTOKTIKN avaykn g ow Blov pddnong oe éva mepifdiiov
dpapotikav eEediemv oty Emotiun kot Teyvoloyio aAAG KOl GTIG KOWOVIKES AAAOYEG
mov emdryovv ot e&gli&elg avtéc kot otnpilel avaioyeg EKONAMGCELG TOV Sl1OPYAVMOVOLV ETL-
OTNUOVIKEG ETALPEIEC GTOV EAAADIKO YDPO. XTa TAAIGLN 0VTA 1) «DOUPUOKEVTIKI oyKAALO-
oe Vv tpwtofoviia g EAAnvikng @appakevtikng Etaipeiog n onola og cuvepyacia pe
TOTIKOVE POPUAKEVTIKOVG GLAAOYOLS OPYUVMVEL NUEPIOES EMUOPPDCNC POPUOKOTOUDV.
To mopdv TEVYOG GE GYETIKN OTNAAN OMUOGIEVEL GUVOTTIKY OVAPOPE TV TPLOV TPOTHOV
nuepidmv mov NN rafav yopo. uéca otov MdpTio.

ITiotebovpe OTL £K600N EVOG EMGTNLOVIKOD TEPLOOIKOV ELVAL EPIKTN TPOTIOTMG LE TN
ompn TOV EMOTNUOVOV KOl ETIGTNUOVIKOV OUAd®Y TOL OGYXOAOVVTIOL EPEVVNTIKG GE
oyeTkd avtikeipeva. I'a to Adyo avtd 1 Zuvtoaktiky Emttpon exepalet Tig evyapiotieg
g TOGO GTOVG GLYYPUPEIG TV ApBpwv Tov dnuociedray o 2013 660 Kol 6TOVG KPITEG
oL cuVEPaAY LE TO oxOMa Kot TIG d10pBdGEIC TOVE otV PEATi®ON TNG TOLOTNTOG TWV
dnpoctevoewv. Evedmiotovue og avtiototyn vepynTiKi GUUUETOYT] Kot yia to 2014,
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AOVOEL: YNUIKT KETYOPLO TIKPOV GUGTUTIKOV
e oNUavTIKES Proloyikéc opaoerg

‘O)ya TCaxov

Touéog Papuoxoyvmoios kor Xnueiog @oaixav [poioviwv, Tunuo Popuorevtikig,
Hovemotiuo AOyvav, Hoveriotnuiodmoln Zwypdpov, 157 71.

Mepiinyn

Y10 mopdv GpbBpo emyeipeitol pio cOvToun avo-
OKOTNGN TOV PUGIKA EVPICKOUEVMV AMUOVOEODV, TO
omoio. £yovv amopoveodel amd EUVTH TOV OIKOYEVEIDY
Rutaceae o1 Meliaceae. Ta Apovoedn (meploco-
tepeg omd 300 evdoelg) cuvioTOOV Hiol GTEPEOYNLLL-
KOG OLOLOYEVH] OHAd0 TO TETPAVOPTPLTEPTEVIOD, TO
omoio Ppickovral uoévo otig owkoyéveleg Meliaceae,
Rutaceae, Cneoraceae kot 610 Yévog Harrisonia g
owoyévelag Simaroubaceae. [Tapovoidlovtot ot opd-
d&g TV Mpovoeldmv, 1 froovvieon kat ot kHpieg Pro-
AOYIKEG OPAGELG TOVG. ApKETE AMUOVOELdN Elval onua-
VIIKG 0VTITpOQIKG péca, pe v alodipoytivn va eivat
TO TAEOV 1oYLPO.

1. Ewcayoy

To Apovoedn| (neprocdtepeg amd 300 evdoelc)
glvat TKpa GLOTATIKA, TOPAYMYO TETPAVOPTPLTEP-
neviov Kot Bpiockovtol ot otevd oyeTi{OUEVES Ot~
koyéveleg Meliaceae, Rutaceae, Cneoraceae Kol 6to
vévoc Harrisonia tg owoyévelag Simaroubaceae' 3,
O1 tpurepmevikég aAkoOAeg A7-Tipovkadhoin 1 A’-
€0VQOAN TLOTEVETAL OTL ELVOL OL PLOYEVETIKA TPOSPO-
HEG EVADCELS OVTMV TOV TPOTOTOMUEVMV TPLTEPTEVI-
@v. [Ipokdmrovv petd amd oelpd SOUIKMOV GAAAYDV,
OTOV 1| TPLTEPTEVIKN TAEVPIKN 0AVGIdN TPDTH 0&EL-
dwvetal o€ £va f-UTOKATEGTNUEVO POVPAVIKO SOKTV-
Mo (ZyAua 1)

O O

Protolimonoid  Limonoid

Tirucall-7,24-dien-3-ol

R=oH A-tirucallol
R=fH  A’-euphol

Zynua 1. Aopuxés ariayés aro v Tipovkal Aoy oo Aiovoerdés

2. Opwopdg

‘Eva. Mpovogdég gival mapdyoyo Tpltepmeviov
OO0V 1] TAEVPIKT] OALGId0 EYEL LETOTPOATEL GE POVP-
VKO dKTOAO pe amdAELD 4 aTOU®V AvOpaka TPOKD-
TTOVTOG £TOL TO EVOAANKTIKO OVOLOL TETPOVOPTPLTEP-
TEVIOL Y100 TO. AUOVOELST’.

To Apovoedn éxovv évo, QovPOVIKO SUKTOALO
oLVOEdEUEVO ¢ TAELPIKY aAvcida otov C-17 evig
KUKAOTEVTEVOPULVOVOPEVIKOD OKEAETOV, O O0TOI0C
umopei vo. €xel VTootel 0EEWBWTIKG avolypato evog
1N TEPLGCOTEPOV SOKTUM®MV. L€ UEPIKEG EVDGELG €V,
dropo avBpoko yaveton pe amokapPoéuiimon otov
C-4 ka1 o€ Alyeg 0 Qovpavikdg dakTOAOG avTikadi-
oTOTOL A0 VOV SLOPOPETIKO ETEPOKVKAIKO TEVTOLLE-
pn daxtoAlo. To cvomua apibunong yuo ta Apovo-
€101] ivot To 1010 O1mg Yo Tig ProyeveTikd TpOSPOLIES
EVIDGEL TOL TETPUKVKAIKE TpLTepmévias.

H Botovikn katovoun kat 1 ynuelota&vopio tov
MUOVOEWDDVY, €01KA TOV 01KOYEVEIDY Rutaceae ot
Meliaceae éyovv peletnOei extevéotata’ 0.

3. Awypovoson tTov Rutaceae

Eivonr pio otkoyévelo gutdv pe peydn kot mot-
kiAn BroovvBetikn kovotTa (OAKOAOEDT], KOV~
piveg, eAaPavoveg, Apovoeldn K.o.). To Apovoeldn
7OV amavTovV ot Rutaceae da@épovy kuping ot
doun 1oV dakTLAIOL A Kot cLVOEOVTOL BLOYEVETIKG e
™ Mpovivn'l.

H Apovivn, to K0plo AMUOVOELDES GTA CTEPLLOTOL
tov Citrus, gival yvoot amd to 18414, "Eve mba-
v6 BlocLVOETIKO LLOVOTTATL Y10, TO OYTUOTICUO AoVi-
vng amd ™ A7-T1povKeALOAN £xel TpoTabel amd Tovg
Arigoni et al.'2. H mapovcia oyetikdv petafoitdv
o€ J14Popa PUTA TOV GLVOETOVY KOl GLGCOPEVOVY
Mpovivn vootnpilel 10 cLyKeKPLEVO ProcuvOeticd
povormdtt. MéAn tov yévoug Citrus frocuvOétovy vo-
WAiv povo ota @OAA Kot 6Tovg PAactovg. O peta-
BoAitng avtdc supavietarl vo petakiveitor og GAlo

Svyyoagéag yia arldnroyoapia: ‘Olya Ttdxov, e-mail: tzakou@pharm.uoa.gr



TUNUOTE TOV GUTOV (7). KOPTOVS) KOl GTY| CLUVEYELD
petaoynpotileton’s.

H mopovsia tng Ayrovivng eivot veedbBovn yio v
&vtovn TKPAdQ OV OVATTOOGETOL GTASINKA GTOVG
yopovg and koprovg Citrus'®. H Apovivn ocvver-
OQEPEL OTN TKPAdA TPOIOVI®MV TPOEPYOUEVAOV OTd
YKPEImPPOVT, oV Kat 1 eAaPavovn vapryyevivn gival
n kateboynv vrevbuvn ovoio Yo TN TKPAdA TOV
ykpéinppovt!’. H Mpovivn dev mpokaiel mkpdda o€
(QPECKOPTIOYUEVO YVUO OEV VTAPYEL, OVATTOCGETOL
povo PETE amd BEPAVET TOL YLLOD 1] OV TOPOUEIVEL
0 YOUOG 12-24 h!319,

To Mpovoikd 0&D eival otabepd 610 GYEOV OV-
détepo pH tov 1otdv. Otav ta teiyn tov pepfpavov
dtappnyvoovat (6Tav QTIAYVOVLE TOV YOUO) 1| Hop-
oM 0VTN HE TOV avOolyHEVo SaKTOAO, TO AHOVOIKO
0&0 Kheivel g Mpovivn otov 6&vo youd pe pH~3,5
(Expa 2)".

Limonoic acid Limonin

Zynpa 2. Aopég Ayiovoixod o&éog kou Ayovivig

Bdoer g dwddoong tov Apovoeddv ot
Rutaceae pumopovv va egEoyfovv kdmowo yevikd ov-
umepdacuota, To omoio Tépa amd T TV YNHEI0TA-
Ewopkn aio, amoteAobV ¥prGLUo 00NYO otV EPEv-
VoL KoL GAA@V AMpovogdmve!.

*  To MUOVOELD] OTAVIOVTOL KL OTIG TPELS VITOOL-
Koyéveleg Tov Rutaceae, alAd 1 cuyvotnTa g
Tapovciog Tovg dev glvatl 1060 vyNA) 6co oTNV
owoyévelr Meliaceae, 6Tov ovaQEPETOL Vo QoL
viavtol 6to 25% TV yevav ne.

*  To Apovoedn mtopovstdlovv yaunir cvyvot-
To ELEAVIONG GTNV olkoyévela Rutaceae, dmov
&xovv avapepBel povo oto 1% TV yevdv av-
G. AV VTAPYOLV ALOVOELDT o€ éva 100G Ka-
oL Yévoug tv Rutaceae, 1ote 6o Ta €10
OV Yévoug ovtov to mepiEyovv (m.y. Citrus:
oto géetachévia 15 &ldn amd 1o 16 yvoord,
Phellodendron: oto. 5 amd ta 7 yvootd &idn,
Casimiroa: oto 2 and 1o 5 yvootd €dn). Avt
N kavovikotnta dev eupavifetral oto Meliaceae
OOV KAToLn €101 £VOG YEVOLS TAPAYOLV ALOVO-
€101, evd GAAa €idn Tov 1610V Yévoug €xel ava-
eepbei 611 Ta oTEPOHVTON'C.

* Tevikd m KoTOVOUT Kol Ol GYXECELS OOUNG TMV Al-
povoeddv ota Rutaceae evicyvouvv v ynueto-

Ta& oK Tovg katdtaén mov eixe yivel Paoet
TOV AAKOAOEOMV KOl TOV KOVHOPLVAOV, TO, 07Ol
Bpiokovtol 6€ TEPACTIO MOIKIAIDL OTNV OlKOYE-
VELOL QTN

e Ta Mpovoedn mov mopdyovial og Evo YEVOG
&yovv 6La Ttepimov tov 610 Pabpod o&eidbmong m.y.
ta yévn Vespris kou Casimiroa dgiyvoov v dvuvo-
TOTTO Vo GLVOETOVY TTPOSPOLES EVAOTELS TNG AL~
povivng. Ta €idn Phellodendron mopdryovv koping
oPaxovvdvn kot oyeTikd Alyn Apovivr. Kot to 3
YévI TOL avaQEPOMKAY AVIKOLV OTNV VITOOIKO-
vévewo. Toddalioideae (24 yévn). Ta Citrus sp. Kot
T oVYYeVT] Tovg Yévn (vmootk. Aurantioideae, 33
vévn) TEPLEXOLV KUPImG Aptovivn, Tt Bacikn Tpo-
dpoun évmon Olmv TV Apovoelddv tov Citrus.
H Mpovivn cuvodedetat cuviBwg amd 3 mkpd ov-
OTOTIKA TTOVL PPICKOVTOL OE HUKPOTEPEG TOCOTITES
Kot Tapovstafovial 6To Zynua 3.

g .

0

= 3 o
o 0
Obacunone Nomilin R=Ac Nomilinate

Deacetylnomilin R=H «0pio Apovoeidég
OTOl GMEPLLOLTOL TOV
Citrus limon

Zynua 3. Aouég mKpy ovoTOTIKOY TOV GLVOOEVOVY TH Apovivy

* 1o Citrus &yovv PBpebel yhurkosideg AMpovoeldov
LOVO GTOVG KAPTOVS KOl GTO GTEPLOTO, Ol OTTOI0L
BrocvvtiBetor ool TEAgLTOiN GTAdWL AVATTLENG
Kol @PILLOVOTG TV KOPTADV.

* Méln g vmoowkoyévelng Rutoideae (86 yévn)
dev @épouv TTPOSPOLEG EVOELG TNG Apovivig,
OALG TopdyouV POVO Alpovivn Kot Tpoiovta o&ei-
d®oNG NG OTWS ALoVivr SL0GEALVOAN Kot pOVTO-
gpivn (Exnpa 4).

Rutaevin

Limonin diosphenol

Zynjpa 4. Aopss e Povtagfivg rou ¢ Aioopauvodns tne Ai-
HOVIVHG



3.1. Aypovivn 610 YVpd TOPTOKEAOD

O1 koproi €0V Citrus cuviotovy pio amd TG To
OTUAVTIKEG 0ypOTIKEG GLYKOOEG oTov Koopo. H mapa-
Yoy €ival ToLAd IoTOV 45 €K. TOVOL, 0tO TOVG OTT0I0VG
nepimov 45% petatpénetal o€ pio TOWIAlo KoTepyo-
opévav poioviav'®, Metd vy noparofr tov youod
and kaprovg Citrus, W10ATEPO TOV YLUOD TOPTOKAALOD,
TPOSPOLES EVADGELS TTOV VTIAPYOVV GTO (VIO LUETATPETO-
VTOL O€ TKPA AOVOELON, TTPOTOUPYIKG OE ALOVivn Kol
o€ LKpotepo Pabuod o vopdivn. H mkpn| yedon g At-
povivng umopel va aviyvevbel 6 GUYKEVTPOGELS KULLOL-
vopeveg omd 0,075 éog 5 ppm?. v Kahpopvia otig
aVTIoTOYEG BLOPNYOVIEG YUUDV 1] OIKOVOLIKY] OTMAELDL
AOY® ovamToéng avemfopn g mikpadog o TpoidvTa
YOUOV, EKTILATAL GE 8 €K. SOAAGPLA TO YPOVO.

H BrocivBeon t@v AMpovoeiddv dev yiveTol 6Toug
KOPTOVG 1| OTO CTEPUATA, TOPE TO YEYOVOG OTL O [LE-
YOAOTEPEG TOCOTNTES AUOVIVIG KOl OVAAOY®V EVO-
ocewv Bpickovial ota onépuata dpunv kapmov?. H
obvOeom TOV MUOVOEDDVY YIVETOL GTO VAL KOL GTN
GUVEYELLL 01 EVADCELS OVTEG LETAPEPOVTOL GTOVS KO-
ToVG. Xtovg 16T00¢ Citrus 1 QUGIKN TPOIpOUN Eveon
™G Mpovivng givat évo dhog Tov Apovoikov 0&€og e
AokTOVN 6TOV A-60KTOAL0. AVTH 1) AyELGTN Vo &i-
v otafepn| povo vd ™ popen dhatoc®. Me tnv na-
povaia 0&éog 1 tov evlbpov citrus limonoate D-ring
vdpordon, o D-daktdAlog AakTovoroteital oynuoti-
Covtag Ayovivn. Me tn mootepi®ot Tov yupov mtta-
YOVETOL 1] AAKTOVOTOINGT TOV Hopiov. XTovg Kaprohe
1 Tpodpoun Evmon gueavifetal va, glvot eVIomopuévn
o€ JlaUEPIoN TOV KLTTAPOL O1ov T0o pH €lvar ovdé-
TEPO N AAKOAKO, TBAVA 6T0 KLTOTAOGHO.

"Evog ap1Bpog pebddwv Eyovv avamruydei mov gpmo-
Silouv 10 GYMUATIOLO ALYLOVIVIIG GTO VIO TTOPTOKAALOD.
"Exovv avogepbel mévte €idn Poaxtnpiov mov &ouvv v
wavotnto va petaforifovy v Ayovivn. H ypion kut-
tapwv Anthrobacter globiformis €lvol amOTEAEGHATIKY
og katdAMnio pH (6mov givon evepyd toc0 M limonin
D-ring lactone vépoAdon 660 kot 1 limonoate deddpo-
yovéon tov Paktnpiov). Metatpérovv ™ Mpovivny o€
un mpd deiidpo- mapdywyo (Xynuo 5) 2124,

Limonoic acid
A-ring lactone

17-Dehydrolimonoic acid
A-ring lactone

Zynjpa 5. Aopis tov Ayovoikod oééos A-Aaxtovy ko tov 17-Ae-
Bopomapaydyov Tov.

3.2. Aypovoerdn tov Meliaceae

H owoyévela ot cuyKoTadéyeTol ovAIESH OTIG
O YPNOLUES Y10 TOV AVOPOTO KLPIMS Yo TV VY-
M modtnta EuAeio Tov Tapéyet [acajous d’Afrique
(Khaya grandifolia, K. luorensis), acajous du Hondura
(Swietenia macrophylla), sipo (Endantophragma
utile)], KoB®G Kot amwd 1O YEYOVOS OTL Kmota £16m TG
LITOpovV €0KOAN VO ¥pNOLUoTofovv 6e avadacm-
oelg. Elvar owoyéveln tov tpomikdv Kupiog yopov
Kot To €l0n ™G anovtodv o€ mokiAia PloToTmV amd
Bpoyepd Tpomikd d4om, e EAMOEIG TEPLOXES KAl GE
NHEPHOVG™.

Xnpud 1 owoyéveln avt Eeywpilet amd ™ ov-
AV TOPovcio eEAPETIKA YOPUKTIPLOTIKMY ALOVO-
eav. Ta Apovoegdn tov Meliaceae €yovv peyolo-
TEPT TOKIAOHOPPia ot dopn kot givat o cvvleta
amo exetva tov Rutaceae. Yrapyet pio mowcidio and
amAG GYETIKA EVOGEIS UEXPL LIOYLPA TPOTOTOUEVOL
TPUTEPTEVIO. TOV £YOVV VTOCTEL EKTETAPEVEG LETAPO-
Aéc ot doun Tove. [ToAld AMpovoedn eivan drobéot-
po og ToAD peydieg moodtntes. H Euieia kKdmowwv
edmv pnopel va €yl amddoon 1% oe anopovouévo
0& KPLOTAAMKTY pop®r] Aypovoedéc®. H pedét tov
Mpovoelddv g owoyévelng Meliaceae Eekivnoe
10 1960 pe v amopudvmon g yeviouvivng amnd to
dutikoaPpKaviKkd dEvOpo Yo TN Tapaymyn EvAeiog
Entandrophragma angolense®. X1n cuvéyglo, ToAAG
AMpovoedn (meprocdtepa amd 300) Eyovv amopove-
Oel amod ddpopa PLTAS.

Ta mwepiocdTEPO AOVOELDT £XOVV 1GYVPT OVTL-
TPOPIKA dpdon yia to Evropo?™?. H dpdon pmopei
va €ivol 10060 1oYVPT, OOTE TO. EVIOUO TPOTILOVV
VO MLOKTOVIGOVV OTO TO VO PAVE VAL TTOV TTEPLE-
yxouv Apovoedn). ITiBava avtd va etvar to froroyucd
TAEOVEKTNUA TNG TOPOVOING TOV ALUOVOEWODV OTO
Meliaceae. Kamoto Aprovoedn| Bpébnke va etvon dpa-
OTIKG, £VAVTL KATO1mV TOT®V Kopkivov®, pe tn dpdon
va gvtoniletot o€ kamota popta G opadas g xefo-
VEVGIVIG KO TTPLEVPLAVIVIIG TOV €YOVV SUKTOALOVG LE
14, 15 emo&eidio.

4. Opades Aypovoerdmv

To Apovoedn katatdocovial oe opdodeg Paoet
TOV 010G OO TOVG 4 SOKTVAIOVG TOV TPITEPTEVIKOD
mopniva éxel o&edwbel. Av copmeptinebovv kot ta
TPOTOMUOVOELDN TPOKLATOLY 16 opadeg cuvdva-
ouov amd Tig omoieg 10 givar yvootéc. [TiBavég opd-
deg mov dgv €xovv Ppebel péypt onuepa eivar exetveg
o711 onoigg ot daktvAot A ko C, B ko C, A, B, ka1 C
giva o&gldmpévor’.

L. Opéoa Mpotoripovoctddv

Yrdpyer évog apBuds ofewdwpévov tpirepme-
viov pe d0cto tov tprtepmevikd okeAetd To omoia



Bewpovvtar Broynpkoi TPOSPOLOL TOV AUOVOELDDV.
AVTEG 01 EVOGELS EIVOL YVOOTEG MG TPMTOALLOVOELIN
(ZyMuo 6) kot Bpiokovtar otig owoyéveleg Meliaceae
kot Rutaceae. Zvvi0wg gival ioyvpd o&edmpéva kot
@épouv €va afepicd dakToAlo. OTovV GTO TPMTOAL-
povoetdn datnpeiton n otepeoynieio tov C-20 tv
Tpuepneviov, Ppédnke va givar cuvnBwg 1 otepeo-
mueio 200-H, xopoktnptotiki] g TIPOVKAAAOANG,
0ALG vtapyovy kot mapadeiypata pe 205-H (otepeo-
peio e00poAng). Ta YvooTd TPOTOALOVOEIDT TOL
£YOLV TNV GTEPEOYNMUELD TNG EOVPOANG ATAVTAOVTOL
O\ 6t0 Yévog Melia, evd To. Topay®yo TIPOVKAAAS-
g ota GAla yévn>o. oH

HO. OH

AcO”

Bourjotinolone A

OH
o
'OH

Turreanthin

HOCH,
Y o]

OH

HO™ T < Ho™

Entandrophragma triol Sapelin B

OH
_OH HO.

TOH
Grandifoliolenone Glabretal

Zynua 6. Ipwrolyovoeidn

II. Opada Xepaveveivng

[MeprhapPaver evdoels pe £va povpavio mg TAgL-
PN 0AVGIda, VD OAOL O1 SAKTHALOL TOL TVPNVAL
opapévouy avémapor’ 8,

Azadiradione

Havanensin

Zynua 7. Metafolites e ouadog g Xafavevoivng

II. Opado I'evrovvivng

O daxtoMog D givat o&edmpévoc. e oot v
OLLAS0, VKOV TOL TPMTO AUOVOELN TTOL Ppébnkav
otnv owoyévela Meliaceae®*C,

g "0Ac
Gedunin Photogedunin

Zynua 8. Metafolites g opddos e Levrovvivig

IV. O&ardmpévor o1 daxtorior B ko D
a. Opdda Avtipopmivng
O B daktdiog givor o&edopévog oe Aaktovn 1

eotépat’2, _ —
B >

COMe.

CO,Me

o)
Antirobin Methyl Anglolensate

Zynua 9. Metafolites tne ouadog g Avupourivig

b. Opdoo Me&ikavordiov
Kvxhomoinomn, oynuatiopog evog véou SakTuAiov

- P

B53-60

Mexicanolide Angustidienolide

Zyjpa 10. Metofolites s opddag tov Melikavolidiov

c. Opada @payparivig

Emunpoohetn kvkhomoinon oto daktdoiio AS7,
Oleg ot evdoelg g opadog ovthg teptéyovy opboe-
otépa gite oT1g Béoelc 8, 9, 14, gite otig Béoeig 1, 8, 9.

> D

OH OAc
Phragmalin Pseudrelone C

Zynua 11. Metofoliteg tg opdoag e Ppayualivig



V. Opada MeBvreotépa Ifopevekod o&éog

O&edmpévor ot daxktorot A, B, kot D. Mwkpn
OYETIKA Opadas ™,

Meozc d
Methyl ivorensate
Zynua 12. Mebvieotépog tov [fopevaikod o&éog

VI. Opédo OBaxovvéing

O&edmpévor ot daxtvoot A kot D717, Efvon yo-
POKTNPIOTIKY opdda Twv Rutaceae, mo ondvio amo-
vtopevn ota Meliaceae. v opdda ovti AviKeL 1)

Aovivn.
>

0" o— " oH

Obacunone Dihydronomilin acetate

Zpjpa 13. Metofoliteg e opddog e OPaxovvoing

VII. Opéda Nwpmivng

O&edmpévog o daxtoitog C. Mia peydin kot on-
povtikn opdda. [epthappdver pepucd

e&apetikd cuvheta popa, Onmg v aladtporytivn
™MV ‘amOAVT’ AvVTITPOPIKT ovcio’s$,

Me0,C
H 0,

Azadirachtin

Nimbin
Zynua 14. Metafolite e ouadog g Niumivig

VIII. Opada Tovvagorivig
O&e1dmpévoc o daxtoilog B,

CO,Me

Toonacilin

Toonafolin

Zyiua 15. Metafolites e opdoos e Tovvapolivig
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IX. Opaoa Epodovrovng
O&e1dmuévoc o daxtoitog A8,

bAc
Surenone

Evodulone

2yjpa 16. Merofolites g opdoag e Efodoviovng

X. Opdoo Iprevpravivyg

O&edmpévorl ot daktolor A kot B¥3,

ACOH,C ~ COMe o—=0

Prieurianin Dregeanin

Zpjpa 17. Merofolites e opddog e pievpiavivyg

5. Buoloywkn opdon

[MoAAG tpomOTOMUEVE TPLTEPTEVIOL TIEPIEXOVY
emo&eidia, AMaKTOVES, POVPAVIN KOl KUKAOTEVTAVOIKA
GLGTNLOTO, TO OTTO10L GUVIGTOVV AELTOVPYIKEG LOVADEG
7oV cLVoEovTaL e BLoAoyikn dpdor og GALEG OULADES
PLTIKOV petafoltadv. Opiopéveg eVDGELG TNG OUd-
d0G OVTAG €YOVV TKPY YELOM Yo TOV AVOpOTO Kot
mOavd kot yio dAke Ondaotikd’®. Téoo ta fractnTikd
PULTIKA TUNHLOTA, OGO Kot TO EOA0 TOAADY QUTOV TOV
owoyeveldv Rutaceae, Meliaceae kot Simaroubaceae
elvar avBektikd og embéoelg eviopmv. [ToAdd Ayto-
voedn eppavifouv pio Totkihio floAoyikdv dpacewy.

Avtitpogixég 1010tnTES

[ToAAd Apovoeldn| amd Tig owoyéveleg Rutaceae,
Meliaceae kot Simaroubaceae etvor mapdyovteg mo-
peUTOdicemS JTPOPNG EVIOU®V. AVTEG Ol EVIGELS
&yovv gpevvnBet ektevig, kabdg pmopovv vo odnyn-
covv ot dnuovpyia PLOdCTOUEVOV EVTOLOKTO-
VOV K01 OVTITPOPIKAV HECHV.

[opd 10 yeyovdg 6Tl exyvMopato omepudTov
TOAMOV PLT®V TNG otKoyévelag Meliaceae £xovv moA-
Aéc evdlapépovoes Proroyikés dpdoets, To mo Yvmotd
nopadetypa givar ekydMopo and to dévipo neem’.
To dévtpo neem, Azadirachta indica (Meliaceae), &i-
vat 0ayevég oty Ivdia, oArd avartdicoetat cuvifmg
OTNV €YYVG AVOTOA KOl OE OPIGUEVES TEPLOYES TNG



Aoppicng. Exyvhicpato and 10 éAato TV omepd-
TOV £(0VV TOGO EVTOUOKTOVESG, OGO KO OVTITPOPIKES
W10t Tec’ ko éxovv avapepbei TovAdyiotov 200
€16M evtopmVv kol akapewv mov ennpedlovrar’. Xto
IopanA , éxel domotwBel 6TL 1 akpida TG MOV,
Schistocerca gregaria, €va. €VIOUO YEVIKO YVOGTO
OTL TPMEL GYEDOV OAL TOL VTE, OEV TPMEL TO GEVIPO
neem. Exyvlicpoto oneppdtov 0évipev neem gi-
vl an@dnTikd og yapniég cvykevipmoelg. H mAéov
dpaoTikn évmon gival T0 TETPAVOPTPLTEPTEVIO alo-
Spayytivn®-82%4 H aladipoydivn €xer 100 % oavaocto-
M oitiong oto 40 mg/Aitpo évavtt g Schistocerca
gregaria. H aladipaytivn éxer tyu EC,; 0,36 ppm
K0T TPOVOUP®V TOV oKMpov Peridroma saucia®.
Avtifeta, n aladipaytivn 0V EPOAVICE AVTITPOPIKT|
dpaon Evavtt VOUPAV TNG LETAVUOTEVTIKNG 0KPIdNG
Melanoplus sanguinipes, nap6io mov N tomkt] ED,
nrav 4,5 mg/g evtopov®. H mapepnddion oitiong me-
prAappavel aAAnieniopaocr €vog cuvoOAOL oo TN-
PLOK®OV VTOJ0YEWDV, VD Ol TOEIKES EMOPAGELS 0pO-
POLV KOTA Ao TOAVOTNTO SIUPOPETIKG GUGTILLOTO
GTO £VTOLO.

H to&wdmra g aladipaytivng ota Eviopo dtav
KOTOVOADVETOL O oVTA QaiveTol v TePAoPaver
TN VEVPOEVOOKPIVIKY pUBUIOT TOV EMMES®V T®V
opuovav vedmrtog kot €kdvong. Ta Apovogdn mov
TePLEYOVTOL OE eKYLAMOHATO TOV dEvEpov neem dia-
@EPOLVV OAAG eV gival avopola pe TIG oTeEPOLES OTIG
omoieg avikovv ot opudves Tmv evropwv. Eva évtopo
7OV €YEL QAEL VN amd AVTEG TIG oVGieg ennpedletan
Bobid, yroti avtég ot “oppoviKa UMTIKES” ovsieg
UTAOKAPOUV TO TUNUOTO TOV EYKEPAAOV TTOV TP~
YOLV TIG OTOPOITTEG OPUOVEG Y0 TNV OVATTVLEN TOV
EVTOHOV. MTTAOKAPOLV TO €VOOKPIVIKO TOVG GUGTH-
o,

Exyvliopota dévtpev neem €yovv dgi&et Proloyt-
K1 dpaom EvovTl piog TOKIAING SLopOPETIKMV VNLLa-
T0d®V. ['o Tapdderypa, exyOAMCUA CTEPUATMOV Neem
epapudsbnke oe LTA TopdTog e dtafpoyn e pilog
og ovykévipoon 125 mg/ml kot avéotelde TV ova-
TOPAY®YN TOL VNUATOdOVG okdAnka Meloidogyne
iavanica mov mpokaiel onyn g piloc. H aladi-
poytivn og ovykévipmon 10 mg/ml, avéoteile v
anelevbépmaon eUPpOOV TOL VILOTMOOVG TOPUGITOV
{owv Brugia pahangi. Eva napdpolo tpodmo dpacng
UITOpOOV Vo €YOVV Ol QLTOTAPAGLTIKOL VIUATAOELG
ok®ANKe™,

Iepiépywe, 6tav n aladipaytivn yopnyeital g
HEPOG €VOG YEVUOTOG OULOTOG TOV EVTIOUOV RAodnius
prolixus, évo. popéa, ¢ vocov tov Chagas, peténet-
TO TOPOCLTIKN TPOSPOAT Tov apbHpdmodov amnd To
tpunavocope Trypanosoma cruzi mopepmodileta,
oAAG 1 aladpoytivn dev eivar dpeca To&kn yio o
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tpunovocoua’’. AMEG evoelg and v Azadirachta
indica, copmepLopUBovoIEVOVY TNG MUOVIVIG, VOLUAL-
VNG, VIUTIVG, Galavvivig, gival ETioNG AvVTITPOPIKES
ovoigc™.

‘Eva. GAA0 evpémc KaAAEPYOLUEVO BEVTPO TNG
owoyévelag Meliaceae eivaw M Melia azadirachta
(Persian lilac), n omoia @épet emiong pio mowkirio To-
Edv Mpovoeld®mv. Avtd 1o dEVTPo gival yvmoTo Yo
T1G KOBOPTIKES, EPETIKEG OVOEAUIVOKEG 1010TNTES TOV.
Ot pehoto&iveg Al, B1, A2 xau B2, givat o1 evdoelg
7oV givol Kupimg vevBuveg yuoo T TOEIKOTNTA TOV
KOPTOV OPICUEVOV TOIKIM®OV TOV 3EVEpoV avTon®.
O1 xoproi awtoi givor Waitepa to&koi yio yoipovc™.
H pehovovn amd ta @OANo g Melia azadirachta
EXEL QVTITPOPIKY Opdom, evéd 1 HEMOVIPIOAN omd
TOV KOPTO TNG, AVOCTEALEL TN TPOGANYT TPOPNG TNG
axpidag tng epnuov Schistocerca gregaria® .

H tovoevdavivn amd 10 kwvelikd €idbog Melia
toosendanan gneoavilel dpdion 1060 1oxVPN 660 eKEl-
vn g aladipaytivng Katd TPOVOUPAV TOL EVTO-
pov Spodoptera litura kot €xel kaAvTEPN dpdon ond
ekeivn g aladipaytivng KoTd ToL AETIOOTTEPOL
Scirpophaga incertulas Kot ToOV 0GLATIKOD TOPAGLTL-
KOV eVTOpOL Kahoumokiov, Ostrinia furnacalis®.

IMoapd to yeyovog 6t 10 dévipo neem givat EVPEMG
YV®OTO, AMUOVOELDT Kot amd GAAEG TNYEG €xOvV Emi-
ong peietnOel yuo T oNUAVTIKY ETIOPACT] TOLG GTN
oition kot avantoén eviopmv?. Extoc and ta C-seco
Mpovoedn (0mwg m aladipaytivn), oL To SpacTi-
KEG evOELG Qaivetal va givarl ta AMUOVOEWN apo-
€VOVQOANG pe 14,15-emoeidio kot pe eite pio 19/28
YEéQUPO AAKTOMG, gite pe éva A-OaKTOAL0 KuKAOEEE-
vovne, 6mmg v avBobekOAn, kedpehdvn, ceEVIAVi-
N, TPYPOKOVIVT], TOVGEVOVIVY Kot peAlacivi A2.

Optopévo GAle ekyvAiopOTO OTEPUATOV TNG
owoyévelag Meliaceae PpéOnkav e&icov dpaotikd
pe v alodpaytivn oe Proroyikég dokipacieg! .
ExyvAiopoata and 10 8évdpo Aglaia cordata fitav
7O WwYLpa and 0, Tl EKYLAMOHATO TOL neem EVOvVTL
TPOVOUEDV Spodoptera frugiperda'™. "Eva Mpovogt-
0ég and ™ Carapa procera giye ovTITpOPIKN dpdon
ovykpiown pe ekeiv g alodpoytiving, 0AAG TOAD
acOevéotepn eviopoktovo dphon!®,

O1 petofoliteg Tovvakihivn Kot 9-akeTo&VTOLVO-
KAivr amd tov eAod ¢ Toona ciliata (Meliaceae)
(B-seco-AplovoEgidn]) epQavicay 1GYVPT OVTITPOPIKT
dpaon evavtiov Tov pegikovikod ckabaplov Qaco-
MOV,

Téooepic emmhéov PlodpacTiKéG EVDGELG e aVE-
TOPO GKEAETO apO-EVOVPOANG ATOLOVAON KAV 0Td TO
0évopo Trichilia emetica (Meliaceae) Tng AVOTOAIKNG
Appuicnc'™. Ta Apovoedn owtod tov dévipov giyav
AVTITPOPIKESG O10TNTEG, AAAG KavEVa dgV NTAV TOGO



wyvpd 660 N alopidaytivn.

H Harrisonia abyssinica (Rutaceae) mepiéyet 1060
70 gVPEMG O10OESOUEVO TIKPO MUOVOEIDEG OPaKOVVO-
V1, KoBMG KAl TO AUOVOELDES Yupploovivn, 1 onoia
EXEL OVTLTPOPIKT], KUTTOPOTOEIKT KO OVTIPOKTIPLOKT
dphon'®,

Avukapkiviki dpaon

Apxetd Apovoedn €xovv KLTTOPOTOEKY dpd-
on'% 197, Biokartevhuvouevn KAOGHATOON 031 ynoce
OTNV ATOUOVAOOT| VOGS KUTTAPOTOEKOD ALLOVOELB0VG
™m¢ apovpactativng amd to 0évOpo Aphanamixis
grandifolia (Meliaceae)**s. H apavoortativn, 1 ogv-
davivn ko n 12-vdpoévapovpactativy £xovv deitet
onuovtikn dpdon oe dokiég Evavtt P-338 kuttapt-
KNG oepds AeppokvtToptkng Aevyopiog. H aladipa-
xTivn €xet avaeepBel OTL Exel dpeco amotélesa 6To
pLOud Kot TV €VTacn TOAAATAAGIAGHOD KUTTAP®YV,
Ay g tayelog avactoAng g ovvBeong RNA
pe Towtdypovn avacsToAn cOVBEoNC TPOTEIVOV Kot
DNA'™,

Limonoids: a chemical class of
bitter components with important
biological activity

Olga Tzakou

Department of Pharmacognosy and Chemistry

of Natural Products, University of Athens,
Panepistimiopolis, Zographou, Athens 157 71, Greece.

Summary

The present article aims a short review of
naturally occurring limonoids, isolated from
plants of the Rutaceae and Meliaceae familes. The
limonoids (more than 300 described compounds)
are a stereochemically homogeneous group of
tetranortriterpenes only found in the Meliaceae,
Rutaceae, Cneoraceac and Harrisonia genus
of the Simaroubaceae family. The main classes
of limonoids, the biosynthesis, and their main
biological activities are presented. Several
limonoids possess significant antifeedant activity,
with azadirachtin being the most powerful one.
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Summary

Traditional medicine is “health practices
that were developed for centuries, incorporating
knowledge, skills and practices based on beliefs
and experiences of indigenous people from different
cultures”. Indigenous medicine used plant, animal
and mineral-based medicines, spiritual therapies,
manual techniques and exercises to treat, diagnose
and prevent illnesses. Despite the progress
achieved in the last decades with modern medical
and pharmacological products and new medicinal
technology, in some Asian and African countries,
up to 80% of the population relies on traditional for
their primary health care needs. Although not always
successful or effective, traditional medicine used to
maintain good health, as well as to prevent, diagnose,
improve or treat physical and mental illnesses with
simple methods and a vast array of natural products
extracted from plants, animals and microbes. Natural
products that were used with success for various
ailments for long time have provided considerable
value to the modern pharmaceutical industry over the
past half century, particularly in the therapeutic areas
of infectious diseases and oncology In this review we
provide a comprehensive narrative of the progress
achieved in the last decades by traditional medicine
(Chinese, Ayurveda, herbal etc) and its adoption by
WHO and the World Health Assembly. Also, how the
natural products used in the past provided a useful
platform to the modern pharmaceutical industry for
the discovery of new drugs for a great variety of

diseases. The misuse of certain herbal remedies can
cause harm. Safety concerns for traditional medicine
were examined by better designed research, clinical
trials and pharmacovigilance systems. Reverse
pharmacology approaches inspired by traditional
medicine offered a smart strategy for new drug
candidates and facilitated for the development of
rational synergistic botanical formulations. There
are many international databases for natural products
and their influence in discovering new materials
for medical use. Also, the review provides from
historical point of view the success story of some
natural products as novel pharmaceutical medicines.

Introduction

Plants, animals, microbes and marine organisms
from the natural environment have been a source of
medicinal products for thousand of years. Many useful
therapeutic drugs were developed in the last decades
especially from plant sources. The discovery of novel
natural chemical compounds in pure form have made
a big impact on the modern pharmaceutical industry.'

Natural products have provided considerable
value to the pharmaceutical industry over the past
half century, particularly in the therapeutic areas of
infectious diseases and oncology. In the past decades
there were some famous examples, such as the cancer
drugs Taxol (paclitaxel) and its derivative Taxotere
(docetaxel), the antibiotics Erythromycin and its
derivatives Biaxin (clarythromycin) and Zithromax
(azithromycin) and the antimalaria drug Artemisinin.?
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Artemisinin (antimalaria drug)
http://www.chem.uoa.gr/

chemicals/chem_artemisinin.
chem_taxol.htm htm

Taxol (paclitaxel) (anticancer drug)
http://www.chem.uoa.gr/chemicals/

Figure 1. Well known examples of natural chemical products as
successful therapeutic drugs

Throughout of centuries traditional medicine
systems in general have had to meet the needs of the local
communities. The most advanced traditional medical
systems came from the areas of China and India. These
highly populous areas have developed very sophisticated
systems such as acupuncture and ayurvedic medicine,
but also a great variety of natural herbal drug products
from every type of diseases and common ailments.
Indigenous traditional medicine is generally transmitted
orally through a community, family and individuals
until transferred to a new generation of healers. Within
a given culture, elements of indigenous medicine
knowledge may be diffusely known by many, or may be
gathered and applied by those in a specific role of healer
such as a shaman (a practitioner of shamanism, a variety
of spiritual and healing practices), experienced medical
practitioner and a midwife.>

Over the years, the World Health Assembly of
World Health Organization (WHO) has adopted a
number of resolutions drawing attention to the fact
that most of the populations in various developing
countries have access only to traditional medical
practices. Traditional medicine for primary health
care is a potentially important resource for the
delivery of health care and that medicinal plants are
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of great importance to the health of individuals and
their communities.®®

Traditional medicine: natural
does not mean necessarily “harmless”
and “effective”

Natural chemical products that are extracted
from plants and animals are essential sources of new
pharmaceuticals, because of the immense variety
of functionally relevant secondary metabolites
of microbial and plant species. Furthermore, the
development of powerful analytical tools based upon
genomics, proteomics, metabolomics, bioinformatics
and other 21st century technologies are greatly
expediting identification and characterization of these
natural products.®!”

For many centuries traditional medicine systems
have had to meet the medical and pharmaceutical
needs of the local communities and prevent diseases
and deaths. China and India which were always very
populous areas of the Earth’s have developed very
sophisticated systems with numerous natural extracts,
plant and animals powders and medical techniques,
such as acupuncture and Ayurvedic medicine
(system of traditional medicine native to the Indian
subcontinent and a form of alternative medicine). In
practice, the term “traditional medicine” refers to the
following components: acupuncture, traditional birth
attendants, mental healers and herbal medicine.'%!

The World Health Assembly (WHO, the forum of
the World Health Organization, which is governed by
its 194 member states and is the world’s highest health
policy setting body, composed of health ministers
from member states, meeting every May in Geneva).
in the last decades WHA has adopted a number of
resolutions drawing attention on traditional medicine
for primary health care. Despite the progress of the
last decades of conventional preventive and health

Figure 2. Traditional herb products in Africa, Latin America, China and India have been established for centuries as effective medical drugs.



practices (modern drugs, vaccination, surgery, and
advanced techniques of medical and pharmaceutical
interventions) the traditional medical work force
represented by numerous practitioners in Asia, Africa
and Latin America is a potentially important resource
for the delivery of health care. At the same time
medicinal plants are of great importance to the health
of individuals and their communities. [http://www.
who.int/medicines/ areas/traditional/trm_assembly
doc/en/index.html] (accessed Nov. 2013).

WHO, through its Traditional Medicine
Programme, supported over the years its member
states in their efforts to formulate national policies on
traditional medicine, to study the potential usefulness
of traditional medicine including evaluation of
practices and examination of the safety and efficacy
of remedies (especially herbal medical plants). Also,
WHO helped to upgrade the knowledge of traditional
and modern health practitioners, as well as to educate
and inform the general public about positive aspects but
also negative effects from traditional health practices
[http://www.who.int/ medicines/areas/traditional/en/
index.html] (accessed November 2013).

At the same period a genuine interest in various
traditional practices developed among practitioners
of modern medicine. The reasons for the inclusion of
traditional healers in primary health care are manifold.
The healers know the sociocultural background of the
people; they are highly respected and experienced in
their work. Also, there are economic considerations;
the distances to be covered by doctors to visit
patients in some underdeveloped countries; the
strength of traditional beliefs; the shortage of health
professionals, particularly in rural areas, to name just
a few. But at the same time it must be emphasised that
“natural” does not mean it is safe and effective to treat
all ailments. In fact, many studies showed numerous
negative effects.!?

A large proportion of the population in a number
of developing countries still relies on traditional
practitioners, including traditional birth attendants,
herbalists and bone-setters and on local medicinal
plants to satisfy their primary health care needs.
WHO estimates that traditional birth attendants
assist in up to 95% of all rural births and 70% of
urban births in developing countries (http://www.
who.int/mediacentre/factsheets/fs134/en/).  Despite
the progress achieved in the last decades in some
Asian and African countries, 80% of the population
depend on traditional medicine for primary health
care. Herbal medicines are the most lucrative form of
traditional medicine, generating billions of dollars in
revenue in developed and underdeveloped countries
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Pharmacovigilence Traditional herbal
medicine and medical practices

As the use of herbal medicines has increased
in the last decades, so too scientists have prepared
reports of suspected toxicity and adverse health
effects from herbs and medicals dusts that are used
in traditional medicine Such unwanted side reactions
and toxicological problems can be due to wrong
extractions techniques, accidental contaminations or
adulteration, but also from other aspects of natural-
derived medical substances:

a) side effects and toxicity problems (poor hygiene,
infectious agents),

b) negative reactions occurring as a result of
overdose, overduration, tolerance and dependence
- addiction,

c) hypersensitivity, allergic
reactions of patients,

d) mid-term and long-term toxic effects including
liver, renal, cardiac and neurotoxicity, as well as
carcinogenicity (detectable by in vitro and in vivo
toxicological studies or by pharmacovigilance).!**
Although herbal products are generally considered

safe due to their age-old usage, significant side

effects have been reported for many herbal products,
including herbal medicine. Accidental contamination
and intentional adulteration are considered as primary
reasons for the side effects. Assurance of safety by
identification of contaminants and assessment of
toxicity and assessment of claimed efficacy has been
outlined in a recent review.'®

Many herbal products on the market have not
been thoroughly tested for their pharmacological
results and toxicology. In order to improve efficiency
and safety many countries introduced schemes
of pharmacovigilance (doctors nurses and health
practitioners collecting data on side effects and

toxicity from patients and referring the results to a

centralised system) that have paramount importance

in detecting unwanted reactions by natural products.

In addition, there is an ongoing problem with

unexpected toxicity of herbal products due to quality

issues, including use of poor quality herbal material,
incorrect or misidentified herbs, incorrect processing
methods, supply of adulterated or contaminated
herbs or products. The safety of herbal medicines
has become an issue for the regulatory authorities,
as serious effects have been reported, including
hepatotoxicity, renal failure and allergic reactions.

These adverse health issues can be addressed to

some degree by improved regulation requiring

Good Manufacturing Practice (GMP) standards for

manufacturing and extended pharmacovigilence.!™"

and idiosyncratic



The WHO, recognising the growing importance
of the use of herbal medicines worldwide developed
guidelines for the monitoring of herbal safety
within the existing pharmacovigilance framework.
Many countries have developed strategies for
pharmacovigilance and systematic follow up of side
effects and use of traditional herbs and synthetic
drugs 20!

Regulations and medical watch schemes
for traditional medicines and herbs

In Europe, herbal medicines are registered
under two directives, either ‘well-established use’
or ‘traditional herbal medicinal products’ both of
which have significant requirements for quality GMP
and safety (amongst others). Directive 2001/83/EC
(amended by 2002/0008) regards traditional herbal
medicinal products and Directive 24/EC/2004. Food
supplements do not have the same legal requirements
for quality control and their regulations are different.?

Toxicologists and health professionals suggest that
there is a number of initiatives to address with herbal
identification and to promote a set of quality standards.
In addition to individual country pharmacopoeias (e.g.
British Pharmacopoeia) the European Pharmacopoeia
has an extensive programme of herbal monographs
under development including herbs from China and
the Indian sub-continent. In addition the European
Medicines Agency (London) is also developing a
more comprehensive list of herbal monographs.
Similarly, herbal monographs have been published
by the American Herbal Pharmacopoeia. The Herbal
Medicines Compendium, published by the U.S.
Pharmacopeial Convention (USP), is a freely available,
online resource that provides standards for herbal
ingredients used in herbal medicines [http://www.usp.
org/around-world/herbal-medicines-compendium].
Also, it publishes the American Herbal Pharmacopoeia
and Therapeutic Compendium [includes plants used
in Ayurvedic, Siddha (Tamil) and Chinese medicine].
(accessed November 2013 in http://www.gobookee.
net/american-herbal-pharmacopoeia/).

In the United States where herbal medicines/
natural products are supplied as dietary supplements,
health professionals and consumers can report
suspected adverse reactions to the FDA MedWatch
Scheme (http://www.fda.gov/Safety/Med Watch/
default.htm). In the UK the spontaneous reporting
system is referred to as the ‘yellow card’ scheme;
other countries such as Australia have blue cards.
In the UK the yellow card was modified to allow
for the inclusion of herbals in 2000. However there
are still problems regarding accurate ingredient lists,

20

botanical naming of the medicinal herbs, processing
and product quality.?

Also, in the UK the Medicines and Healthcare
Products Regulatory Agency receives about 20,000
yellow card reports per annum but this includes
only about 100 herbal reports (www.mhra.gov.
uk/safetyinformation). Despite efforts to improve
reporting by extending to nurses, pharmacists and
consumers there has not been any significant increase
in herbal reports. Countries including Sweden
and Italy have carried out studies on herbal ADRs
(adverse drug reaction). 2%

Chinese medical herbs are the most numerous.
There are roughly 13,000 traditional medicinal
products used in China and over 100,000 medicinal
recipes recorded. Plant elements and extracts are by
far the most common. But despite their long-term
use and effectiveness there are many toxicological
problems for some of them and poisonous adverse
effects .70

In the United States, in response to increased public
interest Congress established the National Institutes of
Health (NIH) Office of Alternative Medicine (OAM)
in 1992 and the NIH Office of Dietary Supplements
in 1994 to conduct and coordinate research in herbs
and supplements. In 1998, the upgraded National
Center for Complementary and Alternative Medicine
has prioritized evaluating mechanisms, efficacy, and
safety of botanical medicines through basic science
studies, clinical research, and the establishment of
dedicated botanical research centers.?!

The EU Directive on Traditional Herbal
Medicinal ~ Products  (2004/24/EC, amending
previous D. 2001/83/EC) provided a simplified
regulatory approval process for traditional herbal
medicines. Previously, there was no formal EU wide
authorisation procedure, so each EU member state
regulated these types of products at the national
level. Under this regulation, all herbal medicinal
products are required to obtain an authorisation
to market within the EU. A Committee for Herbal
Medicinal Products (HMPC) has been established
at the European Medicines Agency (London) to
establish community monographs for traditional
herbal medicinal products, and, with the objective
of further facilitating registration and harmonisation
in the field of traditional herbal medicinal products,
prepare a draft list of herbal substances (The list was
established by Commission Decision 2008/911/EC of
21 November 2008) which have been in medicinal use
for a sufficiently long time, and hence are considered
not to be harmful under normal conditions of use
and also demonstrate safety.*



Many countries in the last decade have their
own legislations on traditional medicinal products.
Because all medical practitioners realised that
“natural” does not necessarily mean “harmless” and
“effective” to treat diseases. Counterfeit, poor quality
or adulterated herbal products in international markets
are serious problems and every year many people are
poisoned. Many traditional medicine products have
serious side-effects and low level of hygiene. More
than 100 countries have now regulations for herbal
medicines. . In the scientific literature there are many
examples of natural herbs with allergic reactions,
toxic reactions, mutagenic effects, drug interactions
and side effects.**

Classes of natural substances used in
traditional medicine

Natural chemical products from the microbial
and marine world, but mainly from plant and animal
kingdoms, have been for centuries a rich source
of useful and effective medicinal compounds for
centuries in many geographical areas and cultures
of the world. Major classes of phytochemicals as
drugs include alkaloids, antioxidant polyphenols,
terpenoids, phytosterols, penicillins, tetracyclines,
bryostatins, dolostatins, cephalostatins, venoms and
toxins from snakes,.etc. 333¢

The majority of traditional medicinal products
are plant herbs as a result of evolutionary forces of
life on Earth that have shaped the plant’s selection
of phytochemicals. It is notable that plants live
within their own microenvironment, replete with a
comparatively warm and humid microclimate rich in
chemical emissions. Their interactions with animals
are most often with the rich palette of invertebrates
(arthropod, insect). Plants provide a large bank of
rich, complex and highly varied structures which are
unlikely to be synthesized in chemical laboratories.
Furthermore, evolution has already carried out a
screening process itself whereby plants are more
likely to survive if they contain potent compounds to
deter their enemies. Even today, the number of plants
that have been extensively studied is relatively very
few out of the vast majority of phytochemicals.?”-3

Plant phytochemicals as traditional
medicinal drugs

The most important classes of phytochemicals
that are used as natural herbal drugs in traditional
medicine are aliphatics, alkaloids, simple phenolics,
lignans, quinones, polyphenols (flavonoids and
tannins), and mono-, sesqui-, di-, and tri-terpenes
(including sterols).
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Alkaloids are a structurally diverse group of over
12,000 cyclic nitrogen-containing compounds that
are found in over 20% of plant species.

Alkaloids were used for medicinal purposes
some 5000 years ago and this chemical group has
contributed the majority of the poisons, neurotoxins,
and traditional psychedelics (e.g. atropine from the
plant Atropa Belladonna) and social drugs [e.g.
nicotine, caffeine, methamphetamine (ephedrine),
cocaine, and opiates] consumed by humans.

This group also provides the cholinesterase
inhibiting treatments, such as Physostigmine and
Rivastigmine. Also, Quinidine as antiarrhythmic,
Quinine as antimarial and antipyretic, Reserpine
as antihypertensive, Vinblastine (antimicrotubule
drug used to treat certain kinds of cancer, including
Hodgkin’s lymphoma, non-small cell lung cancer,
breast cancer, head, neck and Testicular cancer)
and Vincristine as antitumour drug, Vincamine as
vasodilating and antihypertensive and Yohimbine as
stimulant aphrodisiac.***
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Figure 3. Alcaloids that proved to be effective drugs

Terpenes (terpenoids, isoprenoids) are a diverse
group of more than 30,000 lipid-soluble compounds.
As a broad group, terpenes exhibit a range of toxicity
from deadly to entirely edible and this is in keeping
with their broad range of ecological roles, which
include antimicrobial properties. Terpenoids play
a role in traditional herbal remedies and are under
investigation for antibacterial, antitumour and other
pharmaceutical applications. Terpenoids contribute
to the scent of eucalyptus, the flavors of cinnamon
and cloves, the yellow color in sunflowers, and the
red color in tomatoes. Well-known terpenoids include
citral, menthol, camphor, salvinorin . 4142

Phenolics are ubiquitously found across the plant
kingdom, with ~10,000 structures identified to date.
Phenolics range from simple low-molecular weight
compounds, such as the simple phenylpropanoids,
coumarins, and benzoic acid derivatives, to more
complex structures such as flavanoids, stilbenes,
and tannins. Flavonoids represent the largest, most
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Figure 5. Selected books on natural phenolic substances and
nutraceuticals.
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diverse group, encompassing some 6,000 compounds,
subdivided according to modifications of this
basic skeleton into chalcones, flavones, flavonols,
flavanones, isoflavones, flavan-3-ols, lignans and
anthocyanins. Phenolics represent an important
component of a normal human diet. Epidemiological
studies have suggested associations between
consumption of phenolic-rich foods or beverages
and various diseases, such as stroke, cardiovascular
disease, and cancer and neurologic disorders such as
dementia.***

In the last decade there are new diet products,
Nutraceuticals, that range from isolated nutrients
(polyphenols, flavonoids, antioxidants, special salts,
vitamins, amino acids), dietary supplements and
herbal products, specific diets and processed foods
such as cereals, soups, and beverages. The term
Nutraceuticals is the combination of words “nutrition”
and “pharmaceuticals. In the US “nutraceutical”
products are regulated as drugs, dietary supplements,
food ingredients, or food.

The microbial world and natural
substances as drugs

Microorganisms such as bacteria and fungi
have been invaluable for discovering drugs and
lead pharmaceutical compounds. Microorganisms
produce a large variety of antimicrobial agents which
have evolved to give their hosts an advantage over
their competitors in the microbiological world. The
screening of microorganisms for new drugs became
highly popular after the discovery of Penicillin.
A large number of scientists and microbiologists
collected and analysed soil and water samples from
all over the world in order to study new bacterial
or fungal strains, leading to an impressive arsenal
of antibacterial agents such as the cephalosporins,
tetracyclines, aminoglycosides, rifamycins, and
chloramphenicol.

Although most of the drugs derived from
microorganisms are used in antibacterial therapy, some
microbial metabolites have provided lead compounds
in other fields of medicine. For example, Asperlicin-
(isolated from Aspergillus alliaceus) is a novel
antagonist of a peptide hormone called cholecystokinin
(CCK) which is involved in the control of appetite.
Analogues of Asperlicin may therefore have potential
in treating anxiety. Other examples include the fungal
metabolite Lovastatin, which was the lead compound
for a series of drugs that lower cholesterol levels,
and another fungal metabolite called Ciclosporin
which is used to suppress the immune response after
transplantation operations.*-%
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Figure 6. Drugs Asperlicin and Lovastatin extracted and isolated
from microorganisms

Marine-derived natural compounds
as drugs

In the last decades, there has been a great interest
in finding lead compounds from marine organisms.
Coral, sponges, fish, and marine microorganisms have a
wealth of biologically potent chemicals with interesting
inflammatory, antiviral, and anticancer activity.
For example, curacin A is obtained from a marine
cyanobacterium and shows potent antitumor activity.
Other antitumor agents derived from marine sources
include eleutherobin, discodermolide, bryostatins,
dolostatins, and cephalostatins.The global research of
marine-derived pharmaceuticals remained very active
in the last decade. It is estimated that in the period 1998-
2008 more than 600 marine natural products were tested
and proved to have promising antitumour activities,
and 666 compounds with interesting antibacterial, anti-
inflammatory, antifungal, antiviral, anticoagulant and
other pharmaceuticals activities. Until the end of 2011
21,855 marine-derived compounds were discovered
with novel biological modes of action that can be
developed into promising lead into market drugs.>-*

In the last count of approval, eight marine drugs
have been approved by the FDA or EMEA (European
Medicines Agency) and are registered Cephalosporin
C, Cytarabine (Ara-C), Vidrabine (Ara-A), Ziconotide
(Prialt), omega-3-acid ethyl esters (Lovaza), ET-743
(Yondelis), E7389 (Halaven), Brentuximab vendotin
(SGN-35). Also, a number of novel marine-derived
pharmaceuticals are in the pipeline for clinical trials:*

Phase III clinical trials: Soblidotin (TZT 1027),
Tasidotin, Synthadotin (ILX-651), Bryostatin 1,
Hemiasterilin (E7974), and Pseudopterosin.

Phase II clinical trials: (DMXBA(GTS-21),
Plinabulin (NPI 2358), PMO00104, Elisidepsin,
PMO01183 and CDX-011)

Phase I  clinical  trials: Marizomib
(Salinosporamide A; NPI-0052), PM060184, SGN-
75 and ASG-5ME.
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But every discovery of these natural compounds
and their evaluation is not the end of the story.
Another important step is to produce them in pure
and adequate quantities in an economic way. The
organic synthetic pathway of drugs is a highly
difficult scientific problem and has to be worked out
involving many complicated synthetic steps. The
retrosynthetic methodology (invented by Elias James
Corey, Harvard University, Nobel Prize of Chemistry
in 1990) proved to be the most successful approach in
synthetic design planned backwards in steps from the
product, using standard chemistry rules. Computer
programs have been written for designing a synthesis
based on sequences of generic “half-reactions”. In the
case of Yondelis (ET-743) Corey deciphered nature’s
instructions on how to make this powerful medicinal
molecule discovered in a sea squirt (Ecteinascidia
turbinate). In order for scientists to harvest only 1g
of the substance they needed more than a ton of
Caribbean sea squirts. By synthesizing drugs in a
chemical laboratory, scientists now can produce pure
chemicals in an economic way. In 2007, the EMEA
gave authorisation for the marketing of Trabectedin,
under the trade name Yondelis, for the treatment of
patients with advanced soft tissue sarcoma.’

DMA is thought 1o
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Yondelis, (Trabectedin),
anticancer drug

Ecteinascidia turbinata

Figure 7. Yondelis, marine-derived anticancer drug. Yondelis is
also in phase II trials for prostate, breast and paediatric cancers

Bioactive natural products from animal,
insects, toxins etc

Natural products derived from various animals
were a source of new lead pharmaceutical compounds.
A series of antibiotic peptides were extracted from the
skin of the African clawed frog and a potent analgesic
compound called Epibatidine was obtained from the
skin extracts of the Ecuadorian poison frog. Also,
venoms and toxins from animals, snakes, spiders,
scorpions, insects, and microorganisms proved to be
extremely good drugs because they often have very
specific interactions with a macromolecular target in
the body of a patient. As a result, they have proved
important tools in studying receptors, ion channels
and enzymes.



There are examples of venoms and toxins, such
as Teprotide, a peptide isolated from the venom of
the Brazilian viper, was the lead compound for the
development of the antihypertensive agents cilazapril
and captopril. The neurotoxins from Clostridium
botulinum are responsible for serious food poisoning
(botulism), but they have a clinical use as well. They
can be injected into specific muscles to prevent
muscle spasm. These toxins prevent cholinergic
transmission and could well prove a lead for the
development of novel anticholinergicdrugs.3-6

The success of drugs derived from natural
sources (plants, animals, microorganisms) added
a new driving force to screening for novel,
biologically active metabolites and promising
new drugs.’"* Since the 1990s, new technologies
such as combinatorial chemistry, high- throughput
screening, bioinformatics, proteomics and genomics
have emerged, and are being integrated widely in the
field of pharmaceutical discovery research. These
technologies have enormous potential to make use
of the chemical diversity of natural products. Other
techniques have only been developed in the last
years and continue to evolve rapidly. These include
molecular diversity, compound library design, protein
3D-structures, NMR- based screening, 3D QSAR in
modern drug design.

International databases of natural
products as drugs

In the past decades various natural product
databases were developed containing large numbers
of substances, chemical structures, spectra and
bioactivity properties.

One of the most advanced is NAPRALERT,
an acronym for NAtural PRoducts ALERT
(University of Illinois at Chicago (A World Health
Organization Collaborating Centre for Traditional
Medicine, https://www.uic.edu/pharmacy/depts/
PCRPS/ NAPRALERT.htm). It is the largest
natural substances database of world literature
describing the ethnomedical or traditional uses,
chemistry, and pharmacology of plant, microbial
and animal (primarily marine) extracts. In addition,
NAPRALERT contains considerable data on the
chemistry and pharmacology (including human
studies) of secondary metabolites of known structure,
derived from natural sources. NAPRALERT currently
contains information from over 150,000 scientific
research articles dating back from 1650 A.D. to the
present. These articles contain information on more
than 152,000 pure chemical species, more than
52,000 plant, marine, microbial or animal species
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and more than 1.5 million records which associate
these previous record types with biological activity.
The NAPRALERT database increases at a rate of
approximately 600 articles per month covering
the natural products literature in over 700 journals.
Retrievable data include: standard three part profiles
which contain all ethnomedical, pharmacological
as well as phytochemical information on the plant,
marine, animal or microbe species in question. The
database was specifically designed to be of value in
the drug discovery and development processes.
Scientists in Brasil have established the
NuBBEDB Web-database (Nucleo de Bioensaios,
Biossintese ¢ Ecofisiologia de Produtos Naturais)
which incorporates several classes of secondary
metabolites and derivatives from the biodiversity of
Brazil. This natural product database incorporates
botanical,  chemical,  pharmacological, and
toxicological compound information. The NuBBEDB
provides specialized information to the worldwide
scientific community and can serve as a useful tool
for studies on the multidisciplinary interfaces related
to chemistry and biology, including virtual screening,

dereplication, metabolomics, and medicinal
chemistry. (accessed at http:/nubbe.iq.unesp.br/
nubbeDB.html).*

Scientists from the University of California San
Diego, Scripps Institution of Oceanography, have
collected a large repository of marine organisms
and microorganisms from all places of the globe.
The database collected all the published available
natural products data as well as data deposited
by the independent researches from health and
pharmaceutical sciences. The portal provides a digital
library (http://naturalprod.ucsd.edu/).

The Publisher Chapman & Hall/CRC publishes
from 1930 the Chemical Database (chemical
substances, physical and biological properties,
literature references; etc). The Dictionary of Natural
Products Online is a subset of this database and
includes all compounds contained in the Dictionary
of Natural Products (Main Work and Supplements).
Super Natural 11, is another digital database of natural
products which contains 352,811 natural compounds
including information on the 2d structures and
physicochemical properties. The chemical diversity of
these molecules is tremendous and offers inspiration
for innovations in the fields of medicine, nutrition,
agrochemical research and life sciences (http://bioinf-
applied.charite.de/supernatural new/ index.php).

Natural Medicines Comprehensive Database,
3d ed. Compiled and edited by Jeff M. Jellin, Philip
Gregory, Forrest Batz, Kathy Hitchen, Stephen



Burson, Kay Shaver, and Kimberly Palacioz.
Stockton, CA: Therapeutic Research, 2000. 1,530
pages. $92.00. ISBN 0-9676136-4-7. Web version,
$92.0. The Natural Medicines Comprehensive
Database, is one of the most comprehensive and
reliable natural medicine resources available, is by
Therapeutic Research Faculty, an impressive team of
experts. Natural medicines in this context refer to all
herbal and non-herbal supplements.

Safety concerns for traditional medicine
(Chinese), herbal drugs and acupuncture

The Traditional Chinese Medicine (TCM) is the
most extensive and well known all over the world
involving a broad range of medical practices and
large numbers of herbal medicines. TCM was based
on a medical tradition of over 5,000 years that has
been developed in China and other Asian countries.
It includes various forms of herbal drugs extracted or
prepared from plants, acupuncture, massage Tuina,
exercise (qigong), and dietary therapies for various
diseases.

In the last decade medical professionals
questioned the safety and effectiveness of TCM
practises and researchers provided numerous studies
of clinical trials. The fact is that TCM medicines have
been safely and effectively used for a long time, some
even for a few thousand years and TCM hospitals in
many countries are serving health care needs of the
millions of people every day. Some clinical trials
were contacted but questions remained. Alhough the
FDA in the USA has officially recognized traditional
Chinese herbal remedies, the TCM products are only
allowed only as dietary supplements, whereas clinical
use of TCM remedies in other countries are not
recognized. During the decades, Chinese and other
Asian TCM research institutions have used modern
technology to verify the empirical effects shown with
TCM, including lab trials with mice as well as clinical
trials with humans.*>-

The potential toxicity of many Chinese traditional
medicines is well recognised. Adverse reactions
have been reported, many of these are due misuse
or abuse of Chinese medicine. The main problem
remains products adulterated with pharmaceuticals
for weight loss or erectile dysfunction. Also, some
herbs have narrow therapeutic ranges and excess
medication produces toxic effects. Toxic effects
from chronic or cumulative dosing are difficult
to detect in the traditional settings. Despite safety
concerns, Chinese medicine appears to be relatively
safe with comparatively few reports of adverse
reactions compared with overall drug reports. The
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wealth of information in the Chinese literature needs
to be more widely available. As TCM is widely
used by patients, improved pharmacovigilance and
pharmacoepidemiology can contribute valuable
safety information, relevant to clinical use.®’¢®

Acupuncture’s use for certain conditions has been
recognized by the U.S. National Institutes of Health,
the National Health Service of the United Kingdom,
the WHO and the National Center for Complementary
and Alternative Medicine (USA). However, scientists
remain sceptical and have criticized various health
governing body’s endorsements of acupuncture as
being unduly credulous and not including objections
to or criticisms of the claims of acupuncture’s
effectiveness. There is general agreement that
acupuncture is safe when administered by well-trained
practitioners using sterile needles. Major adverse
events are exceedingly rare and are usually associated
with poorly trained unlicensed acupuncturists.
WHO has compiled a list of disorders for which
acupuncture may have an effect: adverse reactions
to chemotherapy and radiation, induction of labour,
sciatica, dysmenorrhea, depression, hypertension,
rheumatoid arthritis, and low back pain.®*"!

Traditional prescriptions of Chinese herbal
medicines (assorted dried plants and extracts,
minerals and animal parts) are typically one batch that
is prepared as a mixture of about 9 to 18 substances.
In Chinese herbal medicines there are roughly
13,000 pharmaceutical constituents and over 100,000
medicinal recipes. Some animal parts in TCM can
be considered strange, such as cows’ gallstones, and
some are parts of endangered species, such as tiger
bones, rhinoceros’ horn, turtle plastron (plastron is
the nearly flat part of the shell structure of a turtle)
and seahorses.”™ "

Safety concerns for traditional Indian
medical practices

India is now a country of 1.2 billion people that
contains extremes of wealth and poverty, but India
also has a highly developed over the years traditional
Indian medicine, state-of-the-art hospitals and
areas devoid of any formal healthcare services. The
traditional approaches to healthcare in India cover
health systems such as Ayurveda, Yoga, Siddha,
Amchi, and folk medicine.”®”

The most famous and widespread health system is
the Ayurveda, which is not only a system of medicine,
but also a way of living. It is used to both prevent
and cure diseases. The most commonly reported
reasons for using traditional and complementary/
alternative medicine such as Ayurveda are that it is



more affordable, more closely corresponds to the
patient’s ideology, and is less paternalistic. This
type of traditional and complementary/alternative
medicine has demonstrated efficacy in areas such as
mental health, disease prevention, treatment of non-
communicable diseases, and improvement of the
quality of life for persons living with chronic diseases
as well as for the ageing population. Although further
research, clinical trials, and evaluations are needed,
traditional and complementary/alternative medicine
has shown great potential to meet a broad spectrum
of health care needs.3#!

Safety concerns have been raised about Ayurveda;
for instance, two U.S. studies found that about
20% of Ayurvedic medicines (with US and Indian-
manufactured patents and sold via internet) contained
toxic levels of heavy metals such as Pb, Hg and As.
Other concerns include the use of herbs containing
toxic compounds and the lack of quality control in
Ayurvedic facilities.?

For many decades the Government of India wanted
to establish the credibility and efficiency of traditional
medical practices and protect them from malpractices
and falsifications. So, in 2001 with cooperation of the
Council for Scientific and Industrial Research (CSIR)
set up a Traditional Knowledge Digital Library
(TKDL) to establish patents on traditional knowledge
and protect from biopiracy. Also, the library
codified traditional knowledge on Indian systems
of medicines such as Ayurveda, Unani, Siddha and
Yoga. The library contains nearly 805,000 Ayurvedic
formulations, 98,700 Unani formulations, and 9,970
Sidha formulations that have been transcribed in
patent application format in five languages: English,
French, German, Spanish and Japanese. Also, the
Indian government established the Central Council
for Research in Ayurveda and Siddha (CCRAS) and
started publishing the scientific journal International
Journal of Advanced Ayurveda, Yoga, Unani, Siddha
and Homeopathy (open access). 3436

Some other developments were: The Department
of Indian Systems of Medicines established in 2003
the Department of Ayurveda, Yoga & Naturopathy,
Unani, Siddha and Homoecopathy (AYUSH) to
upgrade educational standards, quality control and
standardization of drugs, improving the availability of
medicinal plant material, research and development
and awareness generation about the efficacy of the
systems domestically and internationally.[Dpt of
AYUSH, Ministry of Health and Family Welfare, New
Dehli, India, http://indianmedicine.nic.in/]. In the last
decade there are many studies for the evaluation of
the effectiveness of Ayurvedic medicine and yoga.?-*°
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Natural products and reverse
pharmacology in drug discovery

Research and identifications of a great number
of natural products with interesting biological
activities have been the single most productive
source of leads for the development of new synthetic
drugs particularly as antitumour, antibitoic and anti-
infectives agents. Various screening approaches have
been developed to improve the ease with which
natural products can be used in drug discovery and
various screening techniques have been applied to
databases of natural products to discover the most
bioactive compounds. Scientists hope that the more
efficient and effective application of natural products
will improve the drug discovery process.

Scientists suggest that a reverse pharmacology
approach, inspired by traditional medicine (Chinese,
Ayurveda, herbal, etc) can offer a smart strategy for
new drug candidates to facilitate discovery process
and also for the development of rational synergistic
botanical formulations. Strategic options based on
natural product drug discovery, ethnopharmacology
and traditional medicines are re-emerging to
offer good base as an attractive discovery engine.
Approaches based on reverse pharmacology may
offer efficient development platforms for herbal
formulations. A recent review presents relevant case
studies from India and other countries where such
reverse pharmacology approaches have expedited the
drug discovery and development process by reducing
time and economizing investments.’!%3

In the last decades the pharmaceutical sector
has become highly sophisticated and uses the most
advanced biochemical techniques and strategies in
the discovery of novel therapeutic agents, especially
from the complementary and alternative medicines,
including natural products and traditional remedies
such as Chinese and Indian herbal medicine. More
than 60% of the drugs that are in the market derive
from natural sources Total sales of the global
pharmaceutical market reached US$600 billions and
is expected to expand to over US$975 billion by 2013.
But despite advances in technology, drug discovery
is still a lengthy, expensive, difficult, and inefficient
process, with a low rate of success. Advances in
biomedical science have brought about great strides
in therapeutic interventions for a wide spectrum of
diseases. The advent of biochemical techniques and
cutting-edge biological and chemical technologies
has made available a plethora of practical approaches
to drug screening and design.>

In the last two decades there are many changes
in the discovery and development of new drugs.



Research aimed at exploiting natural products as a
resource of new pharmaceutical agents has seriously
declined. This is in part due to the development of
new technologies such as combinatorial chemistry,
metagenomics and  high-throughput screening.
However, the new drug discovery approaches did
not fulfilled the initial expectations. This has lead
for many international pharmacological industries to
renew their interests in natural products, determined
by the urgent need for new drugs, in particular to
fight against infections caused by multi-resistant
pathogens.”

Conclusions

Drug discovery from natural products has enjoyed
arenaissance in the past last five decades. Despite the

big changes natural-derived compounds from plants
and animals still play a major role as drugs, and as
lead structures for the development of synthetic
molecules. It is estimated that 50-60% of the drugs
introduced to the market during the last 20 years are
derived directly or indirectly from small biogenic
molecules. In the future, bioactive natural products
will continue to play a major role as active substances,
model molecules for the discovery and validation
of drug targets. A multidisciplinary approach to
drug discovery involving the generation of novel
molecular diversity from natural product sources,
combined with combinatorial organic synthetic
chemistry methodologies provided in the last decades
the best solution to increase the productivity in drug
discovery and development.

Ano v Hopadoocwokn latpukn) oty Xoyypovn Emoyn
TOV XOVOETIKOV DoppdKmy.
®vowka [poidvra kar Avactpoon Pappoakoroyio og [Ipocéyyion mov emraydvel

™V Avakdivyn Néov @appakov

Oopaic Bhayoyravvny, Zrvpidwv Ampidas, Kovetavrivog Protakng kot AOavdciog Baiapaviong
Tunuo Xnueiog, Hovemoriuio AOpvov , Hovemornuotmoln Zoypdgov, 15784 AGiva

Hepiinyn

H [apadociaxn latpikn eivor «GHVOLO TPAKTIKMV
VYLEWNG TTOL avoTOYONKay el ALDOVES, EVOOUATOVO-
VTOG YVAOGCELS, EMOEEOTNTES KOl TPAKTIKES OV Paci-
Covtav og doaocieg kot epmelpieg amd ynyeveig Aoode
Kol 070 S1apopeTIKOnG TOATIoNOVS». Ot avtdyboveg
Aol OTIS WITPIKES TPOKTIKEG TOVG XPNOULOTOLOVCOLY
ovTd, (Oa Kot avopyova Ghata, TVELUATIKEG Oeparei-
£€G, YEPOTMPUKTIKEG TEXVIKEG KOl OOKNGELS Yo Vo Og-
POTELGOVV , VO S10YVAOGOLY KOl VO TPOPLAAEOLY TOVG
avOpdmovg and diapopeg acbéveles. Tlapd Tig TPOod-
d0VG OV 0LV eMTELYOEL TIC TEAELTAIEG dEKAETIEG LLE
TOL LOVTEPVOL LOTPIKA KOl POPLLOKOAOYIKA TPOTOVTOL KOl
VEEG 10TPIKEG TEYVOAOYiES, 08 MOAAECG ACLOTIKEG KO
Aoppkavikés yopeg move and 80% tov mAnBuouod
e€optdton omd TUPAdOCIOKEG TPAKTIKES Yo TIG OVl
YKES TNG LYelag Tovg. Av Kot dev givor mAVTOTE EMLTL-
NG KO QITOTEAEGUATIKT, 1] TOPOSOGLOKN LLTPIKT XPN-
GLUOTOMONKE EML AADVES YioL TV VYELD, TNV TPOANY,
Suyvoon Kot Ogpameion TG PUOIKNG KoL TVELHOTIKNG
vYeiag TV ovOpOTOV pE amAég peBOS0VE Kot e PEYA-
Ao aplBud PUGIKAOV TPOIOVI®V TOL EKYLAGONKAY ad
outd, (oo Ko pkpofia. Puekd mpoidvio mov ¥pPn-
GLUOTOMONKOY Yot UEYAAQ YPOVIKG OLOGTNLOTO KoL
Yo peYOAn mokidio acbeveidv mpounbevoav pe on-
poavtikn oio T HoVTEPVO QUPUAKEVTIKY Blounyavio
GTOV TEAELTOLO GO LDVA, EWOIKA VL0 TNV OVOKAALYN
POPUAK®V GTIG TEPLOYEG TOV LOAVGHOTIKOV 0.00EVEL-
®V KOl TOV KOKONO®V VEOTAUCIOV. XTNV EMGKOTNON
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oVTN TOPOLCLALOVE 0L GUVEKTIKY TEPLYPOPN] TNG
TPOOOOL MOV Exel emtevyDel TIG TEAELTOIES dEKOETIES
pe v mapadoctakn torpikn (Kwvelikn, Ayiovppedi-
K1, BotavoBepamneiec, KAT) Kot TNV amwodoyn ™G amd
™ Ioaykéomo Opydveoon Yyelo xor t Zuvélevon
(®opovp) TMaykoéouag Yyeioc. Emiong, n emokomn-
o1 TOPOLCLALEL TG TO. PLVGIKA TPOTOVTA Eyvav Eva
EVOLOQEPOV LTTOPAOPO Y0t TN LOVIEPVO QOPLOKEVTIKT
Bropumyavior Kot Yoo TNV avoKGALYT VEOV QOPUAK®V
vy ddpopa voonpata. Guvowd n aAdyiotn  ypnon
Botavaov pmopei vo mpokaAécel PAaPec oty vyeia.
H emompovikn kowvotnto €xel avnovynoet yo 0épo-
TO. 0OQPAAELNG TNG TOPASOCIOKNG WOTPLKNG KOl EYOVV
peremOel pe kaAvTEPO OYESOGUEVES EPEVVES, KAVI-
KEG MEAETEG KO CLUGTNUOTO QPOPUOKOETOYPOTVIONG.
O1 mpoceyyicelg ™G  avAoTPOPNG PUPLOKOAOYIOG
EUTVEVGUEVES OO TNV TOPOUSOGLOKT LUTPIKT| TPOCPE-
POVV EVPVEIG GTPATIYIKES Y10, VTTOYNPLOL VED PAPLLOKOL
Kot SIEVKOADVOLV TNV aVATTUEN AOYIKOV GUVEPYIK®V
Botovoroyikdv cuvtaymv. Yrapyovv ToAES diebveig
TPamECEG TANPOPOPLOY Y10, PLOIKE TPOIOVTA KO TNV
EMOPAOCT] TOVG GTNV OVAKAALYT VEOV QOPUOKEVTIKMOV
vAkov. Eniong, n emokdnnon nepiéyel amd 16Topikn
GITOYN EUTOPIKMC ETTLYNLEVA TOPUSETYLOTO LEPIKDV
PLOIKOV TPOIOVTIOV OV OTOTEAOVV €0® Kol YPOVia
(POPLLOKOAOYIKA TPOTOVTAL.

AlAnroypagia: A. Barapaviong,
E-mail: valavanidis@chem.uoa.gr
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Abstract

In the present study the logP prediction
performance was evaluated applying algorithms
based on Neural Networks prior and after library
corrections by the user, as well as after library
training. As exemplars for such evaluation a data set
of 18 pyrrolyl-acetic acid derivatives was selected
considering the difficulties accounted in their
lipophilicity predictions, previously investigated.
The applied algorithms were ALOGPS 2.1, as it is
implemented in Virtual Computational Chemistry
Laboratory and after user’s library corrections, the
updated version of ALOGPS (3.01) which has been
retrained including among others the experimental
data of pyrrolyl-acetic acid derivatives in the input
data set, as well as S+logP an artificial neural network
ensemble algorithm based on 13000 compounds of the
Starlist implemented in MedChem Designer. Results
were compared to those obtained in our previous
publication as well as with two further linear models,
Moriguchi atom type system and Meylan—-Howard
atom/fragment system. The difference pattern, the
mean absolute error, the geometric mean of absolute
error as well as the inter-relation between experimental
and predicted logP values were considered as criteria
for the evaluation of software performance.

Introduction

Lipophilicity, expressed by the logarithm of
n-octanol/water partition coefficient logP constitutes

aphysicochemical property of paramount importance
in Drug Design!?. The difficulties associated with the
direct partitioning experiments in combination with
the requirement for rapid lipophilicity screening
of compound libraries led to the development of
a large arsenal of calculation systems®. They
constitute semi-empirical substructural approaches
derived from experimental data and are based on
the additivity principle. They can be classified into
fragmental and atomic contribution methods. The
first cuts the molecules into fragments and assign
constants to each of them. Fragmental constants
summation in combination with correction rules
results in the logP values of the molecule. Leo-
Hansch and Rekker’s calculation systems belong
to these methods®*. The second approach cuts the
molecules down to the single-atom level (atom
types), considering the structural neighborhood
over a certain number of paths. Atomic contribution
methods work in most cases without correction
factors, since the chemical environment has been
incorporated in the single-atom contributions.
Broto®, Ghose —Crippen’, Meylan-Howard’,
Moriguchi® are the most representative systems,
following this concept. Nevertheless, the above
mentioned approaches constitute linear models.
Artificial Neural Networks (ANN) and Associative
Neural Network (ASNN)!® introduce non linearity
and are used as an alternative tool for lipophilicity
predictions. They are constructed utilizing
fragments or atom types as input data as well as

*Correspondence: Anna Tsantili-Kakoulidou, tsantili@pharm.uoa.gr



electrotopological state indices, which encompass
both electronic and geometrical information ' '2,
Such information is compatible with the complex
nature of lipophilicity which can be factorized into
two major components, a hydrophobic and a polar
one according to the expression 315

Lipophilicity = Hydrophobicity —Polarity

Further attempts to approximate logP by models
derived from constitutional and quantum chemical
descriptors include parameters which support the
above assumption 617,

The different algorithms suggested for logP
predictions have been implemented in analogous
large number of software, the most popular being
ClogP 3, KOWWIN’, ACD/logP'8, XLOGP,
ADMEBoxes?! —based on linear methods, PrologP?
including both linear and ANN methods, MedChem
Designer” based on ANN, ALOGPS* based on
ASNN. A major drawback of such software is their
applicability domain. They have been developed
using compounds either or in combination from the
same public set of databases like Biobyte Starlist®
and PHYSPROP?; thus their reliable predictions
lie within the Public Optimum Prediction Space
(POPS) defined by these public series of compounds.
Outside the POPS prediction of all these methods
may be poor, while a large variation in the results of
different program could be observed. A survey by
Tetko et al on logP predictions of Astra-Zeneca (8750
molecules) and Pfizer (7498 molecules) proprietary
databases revealed that molecules with property-
based similarity higher than 0.8 to molecules within
POPS are predicted with mean absolute error about
0.30-0.35, analogous to the experimental error®’. The
mean absolute error however increased exponentially
for molecules with lower degree of similarity. Thus
the medicinal chemist is often confronted with the
situation that within a series of compounds different
logP values are estimated by different software,
in particular when the compounds belong to new
chemotypes?®?. Such variations in logP prediction
were confronted for a series of of pyrrolyl-acetic acid
derivatives, designed and synthesized as inhibitors
of aldose reductase. Different logP predictions were
generated by the various algorithms used, while their
correlation with experimental values was poor to
moderate®. Discrepancies in predicted logP values of
pyrrolyl-acetic acid derivatives were further reflected
in the failure to identify any trend between biological
activity and lipophilicity, while such a trend was
shown to be present if experimental data were used *°.
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Thus, existing software need to be continuously
updated with new data. However, synthetic
capabilities in combination with scaffold hopping/
morphing keep producing new chemotypes coming
always ahead of any real time updating of the
algorithms. In order to improve software performance
PharmaAlgorithms ADME boxes makes use of
compounds in its library to refine predictions on the
basis of similarity rules within, however, the existing
POPS?3!, To extend the Optimum Prediction Space
the software should be made smart enough to learn
‘on the fly’ specific structural features present in the
user’s molecules. ACD/logP algorithm has such a
possibility and can be trained by new data, breaking
down their structure into most important components
and rescaling its parameters according to the newly
identified fragments. Such option is feasible to linear
regression methods but cannot be implemented in
ANN systems, in which, after training is complete,
all information about the input patterns is stored in
the neural network weights. Retraining of ANN is a
time consuming task, while if the amount of new data
is small it is insufficient to completely develop a new
model’.

In contrast, the Associative Neural Network
(ASNN), a combination of artificial neural network
and k-nearest neighbor approaches, has ‘memory’
which, upon inclusion of new data in the library,
provides an extension of the Optimal Prediction
Space (OPS). Thus, prediction performance can
be improved without the need to retrain the neural
network ensemble. ALOGPS, implemented in Virtual
Computational Chemistry Laboratory, is software,
freely available in the Internet, which permits such
library extension by the user®3*.

The aim of the present study is to evaluate the
prediction performance of algorithms based on
Neural Networks prior and after library corrections
by the user, as well as after library training. In regard
to the difficulties accounted in the lipophilicity
predictions of pyrrolyl-acetic acid derivatives
previously investigated, we considered these
compounds suitable to be used as exemplars for such
evaluation. The applied algorithms were ALOGPS
2.1, as it is implemented in Virtual Computational
Chemistry Laboratory and after user’s library
corrections, the updated version of ALOGPS (3.01)
which has been retrained including among others the
experimental data of pyrrolyl-acetic acid derivatives
in the input data set®, as well as S+logP an artificial
neural network ensemble algorithm based on
13000 compounds of the Starlist implemented in



MedChem Designer®. Results were compared to
those obtained in our previous publication as well as
with two further linear models, Moriguchi atom type
system and Meylan—Howard atom/fragment system.

Materials and Methods

Chemical Structures and experimental logP values
were taken from reference *°. They are presented in
Figure 1 and Table 1 respectively.

The following algorithms were used for logP
predictions:

ALOGPS 2.1 i) as it is available at Virtual
Computational Chemistry Laboratory, and ii) after
library corrections. Library corrections were made
a) by using 17 compounds for correction library
to predict the one excluded until all compounds
have been left out once, b) by using a library of
10 compounds selected in random but adequately
representing the chemical space covered by the data
set, to predict the remaining 8 compounds, and c¢) by
using the 8 compounds as library to predict the 10
remaining compounds.

ALOGPS 3.01
physprop.php).

(http://www.eadmet.com/en/

This version is updated ALOGPS, retrained with new
input data, among which the 18 pyrrolyl-acetic acid
derivatives are included.

S+logP, as implemented in MedChem Designer (TM)
version 2.5.0.8, Copyright © 2011-2012 Simulations
Plus, Inc. (http://www.simulations-plus.com), and
Moriguchi system (MlogP) implemented in the same
software

Meylan—-Howard (KOWWIN) atom/fragment system
as implemented in EPISUITE41, Copyright 2000-
2012 U.S. Environmental Protection Agency (http:/

Wwww.epa.gov/oppt/exposure/pubs/episuitedl.htm).

Statistical Analysis

For regression analysis and descriptive statistics
Statistica — Axa 7.0 software package (StatSoft,
Tulsa, Oklahoma, USA) was used.

Results and Discussion

Predicted logP values are presented in Table 1 along
with experimental data taken from reference*’. Their
differences from experimental logP are presented in
Table 2. The difference pattern, the mean absolute
error as well as the geometric mean of absolute
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error were calculated and considered as criteria for
the evaluation of software performance. They are
presented in Table 3. As a further criterion the inter-
relation between experimental and predicted logP
values was established and presented in Table 4.
For the difference pattern three levels of prediction
quality were considered. Predictions with absolute
deviations A < 0.49 were classified as good estimates.
Predictions with deviations 0.50 < A < 0.99 were
regarded as disputable, while predictions with
deviations A > 1 were unacceptable 2%,

In our previous publication ClogP, PrologP
(modules CDR, atomic, atomic6, ANN and
ANNOS5), ADME Boxes and ALOGPS 2.1 (visited
2009) were applied for logP estimation of the
same pyrrolyl acetic acid derivatives. Rekker’s
fragmental system — CDR module, as well as the
two ANN models implemented in PrologP- were
found to provide the lowest MAE values -0.31,
0.37, 0.51 respectively. ALOPS 2.1 (visited 2009)
showed a large MAE (1.03). In the present study
the same software, visited 2013, led to slightly
better predictions with MAE=0.968. Its difference
pattern was also improved with 2 good predictions,
7 still acceptable and 9 unacceptable compared to 5
and 11 still acceptable and unacceptable predictions
provided in 20093°. Library correction of ALOGPS
2.1 led to significantly better predictions depending
on the number of compounds used as new input
data. The number of good prediction increased to
11, 10 and 6 for input data 17, 10 and 8 respectively
while the corresponding unacceptable predictions
were 1, 2 and 3 respectively. Compound 5, with
a trifluoromethyl group, showed large residuals in
all cases, even if included in the input data. Mean
absolute error decreased almost to half and even
more pronounced was the decrease of the geometric
mean. A dramatic improvement in predictions
was observed in the case of the new version of
ALOGPS (3.01), which has been reconstructed
including the target compounds in the training set.
S-+logP predictions also based on an ANN model
are slightly better than those obtained by ALOGPS
2.1 without library corrections. In regard to the
linear models MlogP predicts well 10 compounds
but fails dramatically when a methoxy group is
present in the molecule as well as in the case of
the bezothiazolyl derivative (17). Interestingly,
KOWWIN shows a very good performance with
17 good predictions and 1 still acceptable, and
descriptive statistics comparable to those of
ALOGPS 3.01.



Figure 1. Structures of the studied compounds

Table 1. Experimental and Predicted logP values

cpd | logP | ALOGPs? ﬁ]ﬁngaf;: é]ﬂgrfrzsca ﬁiborgrf;ia ALOGPs® | S+logPf | MlogP¢ |Log Kow"
1 0.92 2.23 1.37 1.40! 1.69 1.29 2.157 1.08 1.08
2 1.27 2.63 2.08 2.211 2.04 1.64 2.543 1.34 1.63
3 2.60 4.00 3.28 3.231 3.76' 2.64 3.631 2.09 2.99
4 1.95 2.93 1.79 1.80 1.841 1.81 2.862 1.69 1.73
5 2.00 3.43 3.42 3.43i 3.42! 2.19 2.693 1.99 2.05
6 0.93 2.13 1.85 1.901 2.06 1.31 1.876 1.12 0.90
7 2.54 3.93 2.98 3.07 3.29i 2.88 3.845 2.33 2.85
8 1.97 2.93 1.79 1.91 2.000 1.82 2.836 1.61 1.73
9 1.97 3.34 2.63 2.70 2.49 2.17 3.332 1.86 2.26
10 | 2.27 3.37 2.58 2.54 2.98! 2.46 3.301 1.86 2.26
11 1.57 2.31 1.51 141 1.58 1.24 2.445 0.82 1.17
12 1.65 2.26 1.36 1.48 1.76' 1.51 2.420 0.82 1.17
13 2.57 3.26 2.42 2.47 2.37 2.23 3.272 1.86 2.26
14 2.12 3.37 2.94 3.131 2.87 2.65 3.564 2.23 2.24
15 | 259 3.27 2.94 2.92 3.26 2.58 3.583 1.69 2.32
16 | 3.15 3.06 2.72 2.76 2.55 2.51 3.557 1.15 2.40
17 | 222 2.78 2.78 2.78 2.78 2.12 2.182 0.73 1.78
18 1.87 2.17 1.62 1.53 1.60/ 2.24 2.153 1.08 1.47

* ALOGPS 2.1 (http://www.vcclab.org/lab/alogps/).

® The library consists of experimental lipophilicity
data of 17 compounds, and it does not include the
corresponding value for the compound which its
lipophilicity was each time predicted.

¢The library consists of experimental lipophilicity data
of 10 compounds (i.e.1,2, 6,7, 8,9, 11, 13, 14, & 18).
4 The library consists of experimental lipophilicity
data of 8 compounds (i.e.3, 4, 5, 10, 12, 15, 16, & 17).
*ALOGPS 3.01 (http://www.eadmet.com/en/
physprop.php).
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"MedChem Designer(TM) version 2.5.0.8, Copyright
© 2011-2012 Simulations Plus, Inc. (http:/www.
simulations-plus.com).

¢ Moriguchi’s atom based method, calculated with
MedChem Designer”.

"KOWWIN’s methodology (Atom/Fragment
Contribution method), calculated with EPISUITE41,
Copyright 2000-2012 U.S. Environmental Protection
Agency (http://www.epa.gov/oppt/exposure/pubs/

episuitedl.htm).
Included in the library

Not included in the library



Table 2. Differences AlogPpred-logPexp

cpd| ALOGPs: A%ggf;j * fﬁborfrf;ia fl‘igrfrl;s; ALOGPs* | S+logP' | MlogP* | Log Kow"
1 1.31 0.45 0.48 0.77 0.37 1.24 0.16 0.16
2 1.36 0.81 0.94 0.77 0.37 1.27 0.07 0.36
3 1.4 0.68 0.63 1.16 0.04 1.03 -0.51 0.39
4 0.98 -0.16 -0.15 -0.11 -0.14 0.91 -0.26 -0.22
5 1.43 1.42 1.43 1.42 0.19 0.69 -0.01 0.05
6 1.2 0.92 0.97 1.13 0.38 0.95 0.19 -0.03
7 1.39 0.44 0.53 0.75 0.34 1.31 -0.21 0.31
8 0.96 -0.18 -0.06 0.03 -0.15 0.87 -0.36 -0.24
9 1.37 0.66 0.73 0.52 0.2 1.36 -0.11 0.29
10 1.1 0.31 0.27 0.71 0.19 1.03 -0.41 -0.01
11 0.74 -0.06 -0.16 0.01 -0.33 0.87 -0.75 -0.40
12 0.61 -0.29 -0.17 0.11 -0.14 0.77 -0.83 -0.48
13 0.69 -0.15 -0.1 -0.2 -0.34 0.7 -0.71 -0.31
14 1.25 0.82 1.01 0.75 0.53 1.44 0.11 0.12
15 0.68 0.35 0.33 0.67 -0.01 0.99 -0.90 -0.27
16 -0.09 -0.43 -0.39 -0.6 -0.64 0.41 -2.00 -0.75
17 0.56 0.56 0.56 0.56 -0.10 -0.04 -1.49 -0.44
18 0.3 -0.25 -0.34 -0.27 0.37 0.28 -0.79 -0.40
Superscripts as in Table 1
Table 3. Difference pattern, Mean absolute errors and geometric means
A ALOGPs* ‘ffiggfysb fl‘igrfrpyi A (jrf;i ALOGPs* | S+logP' | MlogP* | Log Kow
A<0.49 2 11 10 6 16 3 10 17
0.5<A<0.9 |7 6 6 9 2 8 6 1
A>1 9 1 2 3 0 7 2 0
MAE 0.968 0.497 0.514 0.586 0.268 0.898 0.548 0.291
GeoMean | 0.828 0.387 0.378 0.360 0.198 0.743 0.316 0.205
Superscripts as in Table 1
Table 4. Correlations between experimental and predicted logP values
logP(eXp‘) =alogP , + b a b r s F
ALOGPs* 0.73(£0.17) -0.17(£0.53) 0.726 0.420 17.8
ALOGPs* + library® 0.59(£0.16) 0.62(x0.39) 0.676 0.450 13.4
ALOGPs? Hlibrary® 0.57(x0.16) 0.65(+0.40) 0.656 0.460 12.1
ALOGPs* Hlibrary* 0.54(x0.17) 0.67(x0.43) 0.630 0.474 10.5
ALOGPs* 0.97(£0.15) 0.00(x0.33) 0.846 0.326 40.1
S+logPf 0.76(x0.14) -0.19(+0.43) 0.795 0.370 27.4
MlogPe 0.51(x0.26) 1.23(+£0.41) 0.441 0.547 3.9
Log Kow" 0.83(£0.13) 0.42(+0.26) 0.843 0.328 39.4

Superscripts as in Table 1
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According to the inter-relation criterion, a good
performance of an algorithm should lead to 1:1
correlation between experimental and calculated
values, accompanied by good statistics and in
particular by a low standard error of estimate.
The above requirements were not fulfilled by the
algorithms used in our previous publication (ClogP,
ABlogP, and PrologP with modules on Rekkers’s
fragmental system, Broto’s and Ghose -Crippen;s
atomic contribution system and two ANN models).
The best correlation was reported for the non
linear Artificial Neural Network model ANN2005
implemented as a module in PrologP (r=0.844,
s=0.327) with intercept close to 0 but slope equal
to 0.76.

Correlation between experimental logP and logP
predicted in the present study are presented in Table
4. ALOGPS 3.01 was found to provide analogous
statistical data, leading however to 1:1 correlation.
In terms of statistics, similar results were obtained
also by the linear model KOWWIN; the intercept
of the regression equation is not statistically
significant, however the slope is lower than one. The
performance of ALOGPS 2.1 (interactively used in
2013) ‘as it is’ is moderate but slightly better than
the results reported in ref 30 (interactively used in
2009). Library corrections lead to inferior regression
equations. However, it should be noted that in these
cases predicted logP values of the compounds used
as input for library corrections -and thereupon
refined- are combined with those of the remaining set,
producing a bias in the initial algorithm; thus in this
case the inter-relation criterion may not be adequate
for the evaluation.

Conclusions

The careful selection of the appropriate calculation
system for logP prediction is very critical, in
particular when new chemotypes, not lying in public
applicability domain, are concerned. Continuous
updating of the programs improves the predictive
power, however it may always pose uncertainty
remaining beyond the needs of the medicinal
chemist whose ambition is to explore activity cliffs
throughout the chemical landscape. Therefore,
the possibility of interactive training provided by
existing software, as in the case of ALOPS 2.1,
gives more confidence to logP predictions according
to the user’s practical goals.
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H Xnpacio tng Xuveyovg Emkapomnoinong
tov Ilediov E@appoyig Tev Alyopibuov
Ynohoyiopov tov Xovredeoty Mepiopov.
H [gpinToon tov Hoepaydyov
t0v [vppoivio-O&ikod O&éoc.

Maprog XpucavOakomoviog,'

Bszo0d0cia Bailwavarov,'

Booilng, I. Anpémwovioc,’

Avva Teavtiin-Kaxovidov'*

'Topéag Oappokevtikng Xnueiog, Tunqpa
Dappaxevtikng, [Havemompio AGnvaov,
[Movemotnuonos, Zaypaoov, Abnve 157 71
2Topéog @opuoakevtikng Xnueiog, Tuquo
Dappakevtikng , Apiototédreto [avemompio
®eocolovikng, Oscoarovikn, 54124

Iepiinyn

v Topovco epyocio peAeTnke 1 wavoTnTaL
TPOPAEYNG TOL GUVTEAESTN UEPIOLOL LE XPNOT
aly6pBpov mov Pacifovrar og Nevpavikd Aiktoa
xopic 1 pe dwpbotiky mapéuPacn ot Pdon
dedopévav tovg, kaBdg emiong Kot g e&apyng
expddnong tovg. Qg  mopdderypo  epyociog
emhéyOnke M oepd tov 18 Topaydymv TOL
TOPPOALAO-0E1KOD 0EE0G TOV TOAALOTEPN HEAETT
elye avadei&el 10 TpoPAnpotikd amoTélecia
TOV VUTOAOYIGHOD TOL GUVTEAEGTN] HEPICLOV.
Ot aAyopiBpotr mov ypnoipomomdnkay MNTOV
a) o ALOGPS o6nwg eumepiéyetar oto Virtual
Computational Chemistry Laboratory kofog
Kot petd amd Sopbotikny mapépnpacn otn Paon
dedopévav tov, B) 1 emKopomotpuévn £kdoom
tov ALOGPS (3.01) omnv omoia 0 akyoptBpog €xet
vroPAnbel o emavekuabnon pe ypnon, HeTa&d
A oV, Kot Tov 18 vo e&étacn TuppoAivro-o&ikdv
mapaydyov & v) tov S+logP mov givar adydpiBpog
oLAAOYNG TEYVIKOL Nevpovikod ATOov e
Baon 13000 evidoeig g Starlist kot epmepiéyetan
ot0 MedChem Designer. Ta oamoteAéopoto
GLYKPIONKOV pLE aVTA TPOTYOOEVNG ONILOGIEVOTG
HOG KOOMG Kot [LE dVO ETUTAEOV YPOLLLLKE LOVTERQ,
TO OTOMUIK®V OLVEISQPOp®V Moriguchi kot tov
ATOLKOV/Bpavopdtov  cuvelspop®v  Meylan-
Howard. H Swpopd TV TEpOpaTIKdV ond Tig
VTOAOYICUEVEG TUYEG OULVIEAECTN WEPLGUOV, TO
ATOAVTO HECO GOPAALO TOVG, TO YEMUETPIKO HEGO
GOAALLO TOVG KOOMG KOt 1) OAANAOGVGYETION TOVG
eModnocav og kprnplo. avadetng tov Pabpod
a&l0TOTIOG TOV VTOAOYIOTIKAOV OAYOPIOU®V TOV
peretOnkovy.
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INsPiRE:

An FP7 project integrating the Greek cancer
research potential with European excellence.

INsPiRE is a EU-financed FP7 project at its full imple-
mentation. INsPiRE aims at the scientific and techno-
logical reinforcement of the National & Kapodistrian
University of Athens Basic and Translational Cancer
Research Group (NKUA-CRG) and its integration into
the more advanced core of the European cancer research
area. The central objective of the project is to succeed
full convergence of NKUA-CRG with the European re-
search area of excellence by facilitating transformation
of an existing multidisciplinary high-quality research,
technological and education unit into a research entity
unique in Greece and Southeastern Europe, comparable
to other outstanding research or educational EU units.
This objective is pursued via a number of concerted ac-
tions and a carefully designed work plan coordinated by
Professor C. Kittas and sustained by 5 separate working
groups, namely the groups of Molecular Carcinogen-
esis (Prof. Vassilis Gorgoulis, Medical school), Natural
Products Chemistry (Prof. L. Skaltsounis, School of
Pharmacy), Tumor Biomarkers (Assoc. Prof. A. Sco-
rilas, dept. of Biology, Molecular-Cellular Ageing &
Carcinogenesis (Assist. Prof. I. Trougakos, dept. of
Biology) and Cancer immunology (Assist. Prof. R. Ts-
itsilonis, dept. of Biology). Among the currently imple-
mented actions of INSPiRE are mobilisation, increase
of visibility and exposure of the NKUA-CRG human
resources to an international scientific environment via
two-way secondments, conferences, invited lectures
and recruitment of experienced researchers. To this
end, INsPiRE engages a wide network of EU partners
and their corresponding institutes including Professors
J. Bartek (Institute of Cancer Biology, Denmark), G.
Griffiths (University of Oslo, Norway), T. Halazonetis
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(University of Geneva, Switzerland), J. Lindon (Impe-
rial College London, UK), G. Pawelec (University of
Tuebingen, Germany), J. Ouazzani (CNRS, France),
M. Schmitt (Technical University of Munich, Germa-
ny), L. Scorrano (University of Geneva, Switzerland),
S. Stevanovic (University of Tuebingen, Germany) and
A. Ullrich (Max Planck Institute, Germany). Strength-
ening of existing links and transfer of know-how from
those strategic partners located in some of the most em-
inent European research entities is a principal INsPiRE
axis. An additional axis of INsPiRE is acquisition of
new state-of-the-art instrumentation related to method-
ologies like laser tissue microdissection and capture,
confocal laser scanning microscopy and live cell imag-
ing, tissue cryo-sectioning and freeze substitution for
advanced immuno-electron microscopy, nucleic acid
sequencing, advanced flow cytometry, high through-
put isolation and characterization of novel bioactive
compounds, as parts of a drug screening platform. This
platform is enabling NKUA-CRG to facilitate lead
compound discovery and offer cost-effective solutions
to biotechnological or pharmaceutical companies. Fi-
nally, popularization, promotion and dissemination
of research activities to the scientific community and
the stakeholders is a third major axis of INsPiRE. The
scientific and technological reinforcement of NKUA-
CRG facilitates the enhancement of its existing scientif-
ic, educational and technological strengths, thus lead-
ing to the establishment of a research entity unique in
Greece and Southeastern Europe, fully integrated to the
current European research system. For more informa-
tion on INSPiRE project and related events please visit
the project website at www.inspire.uoa.gr.
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EAAHNIKH ®PAPMAKEYTIKH ETAIPEIA HELLENIC PHARMACEUTICAL SOCIETY
EMM. MIIENAKH 30/AKAAHMIAX Head office: 30 EMM. BENAKIS STREET

210 mAdiolo Twv okomwyv The EAAnvVIkAc BappakeuTikic ETaipeiac (E.8.E.), To AloiknTikdé ZuppoUAio amogdoioe,
g€ ouvepyagia e Toug TomikoU¢ SapuakeuTikoUg ouAAOYouC, ocipd EmipoppwTikwy Huepidwy yia @appakomololc, ot
Si1dgopeg moAeIc Thg EAAGDaG.

Zkomd¢ Twv Huepidwy autwy, gival h ouvexAc evhépwon kKai emipéppwon dAwv Twy MeAwv Tng E.8.E., kaBuwg
Kal 6Awv Twv Eappakomoiwy, yid Tnv Tpdodo kai Ta emiTelypaTa otov Topéa The EmioTApng Tou appdkou.

Tic Huepidec Ba mapakoAouBolv, eAclBepa, ekTog, amd Ta MéAn thg E.@.E., 6Aor o1 ®appakomoloi kar dAAol
€MOTAWOVEC o1 oTroiol evdiapépovTal yid To «@dppako».

@a xopnyeital TTioTomoinTiké TTapakoAolBOnong.

'Hdn péoa otov dePpoudpio kar MdpTio, TipaypatomoilOnkav o EmipopowTikéc Huepideg e peydAn ouppeToxh,
otouc £€Ac PappakeuTikoUC ZUAAOyoug: @.Z. Apkadiag, otnv moAn tng TpimoAng, tnv Kupiakn 23/2/2014,
®.2. Podémng, otnv moAn Thg KopotnvAg, Thv Kupiakh 9/3/2014, 8.Z. ApyoAidag, otnv méAn Tou NaumAiou, Tnv
Kupiakn 16/3/2014 ka1 .Z. KopivBiag, tnv Kupiakr 30/3/2014.

F1a Toug £TTOHEVOUC HAVEC, TO TTPOYPAUKA TWV EVNUEPWTIKWY oepivapiwy éxel diagopewBei we eEAG:

o Kupiakh, 30/3/2014, dapuakeuTikdc ZUAAoyog KopivBiag,
o Kupiakh, 6/4/2014, @apuakeuTikdc ZUAAoyoc KaoTopidc,

o Kupiakh 27/4/2014, appakeuTikog ZUAoyoc AéaPou,

o Kupiakh 11/5/2014, @appakeuTikdg ZUAAoyoc EPpou,

e Xdppato 17/5/2014, @appakeuTikdc ZUAAoyo¢ TpikdAwy,
e Xdapparo, 24/5/2014, dappakeuTikdg ZUAAoyogc Mayvnaiag.

Oa kaAugBolv Béuata, Ta omoia diagopwONnkav cuPPwva We TIC avaykeg Tou e€égpaocav ol ApUaKoToIoi, OTTwWG:

1. Tevoonua dapuoka, 7. Texvohoyia KaAAuvtikwv-Koopetoloylia,
2. Qapuakoenaypumnvnon, 8. QutoBepaneia,

3. Kowotopa Gappoka, 9. OpBr) dappakeutikn Mpaktikn,

4. MetopoAka Noonpata - Zakxopwdng Alapntng, 10. ZupmAnpwpoata Alatpodng.

5. Mntpkog OnAacuog,

6. Aakomn Kanviopatog,

Mn dioTdoeTe va emikoivwvAoeTe pali pag yia va kaAUyoupe TiI¢ avdykeg Tou dikoU aag
®appakeuTikoU ZUAAOYoU, katd Twy P’ KUkAo ETtipoppwTikwyv Huepidwv The ESE.

TnAépwvo Emikoivwviag: 211 100 1764, e-mail: f.ka@zita-congress.gr

Fa mep1006TEPEC TANPOYOPIEG OXETIKA UE TIC WPEC Kal Tov adkpIPh ToTo Sie€aywyng, Th BepaToAoyia Kal To TARPEC
Tpdypappa, emikoIvwvAoTe pali pag, kaBwg diagopomoiolvral avdAoya e Tov  PappakeuTikd  ZUAAoyo.

ThAépwvo Emikoivwviag: 211 100 1774, e-mail: f.tz@zita-congress.gr

Eniong, mhonynbeite otnv 1otooerida g EQE: www.efe.org.gr
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Hpepioeg Empopomong & Exraidocvong ®opprokomor@v
Dappoxeiov amwd v EAAnvikn @appoksvtikny Etopeia

H EAMnvucy @oppokevtiky Etopeio, avoyvopi-
Covtag v avaykn yio cuvey ETUOPPOOCT) TOV POp-
LOKOTOLMV €V OWEL TOV OPAUOTIKOV EeMEev oV
Emomun kot Teyvoloyio oAAd Kot GTIC KOWVMVIKES
ATOTNOELS TNG TPOTOPRABLING PpovTidag vyelag, £xet
npoypappotioet oepd “Huepidov Empopemong &
Exnaidevong @apuaxonoidv doppokeion” oe dt-
agopetikég morelg oty EAAGSa oe cuvevvonon pe
ToVG ToTIKOVG PappakenTikobg ZuAloyove. Ot Hpe-
pidec meprhapfavouy dvo opidieg oe Bépata emAoyng
TOV PUPUUKEVTIKOV CLAAOYOV Kal Eva “Dappoken-
K6 DpoviioTiplo pe Bépo mov emdéyetor and To
AX. mc E.®.E. 'Hon mpayuatomomdnkoy pe 1diai-
Tepn emtvyio ot dvo mpdteg Huepideg oe Tpimoin
kot Kopotvn og cuvepyasia pe tov Qoppokevtind
Y0Ahoyo Apkadiog kot tov Doppokevtikd LOAAOYO
Poddmg avtictoya.

|

H Hpepida oty Tpinoin éhaPe xdpa v Kvpia-
k1 23/2/2014. 'Eneita omd embopio mov eE€ppace o
®.2. Apkadiog, To Oépato mov avorthydnkov, nTov
N «Pappokoeraypdmvnon» and v Kab. k. Xatln-
avtoviov Zooeia, kafohg kot 1 «Papuakevtiky @po-
vtida — Opbn Dappokevtikn Ipoktikyy, ond v
Kaf. k. Toovtiin-Kokoviidov Avva. AxorovOnoe
«Doppokevtikd Ppoviiotiplon, To omoio glonynOn-
ke M k. Xatlnavioviov, pe Bépa my «Ztabepdtnta
tov @apupakoteyvikdv Ipoidviov kot Idockeva-
CUATOVY.

H ovppetoyn kot n evepydg mopovcio meviva
(50) poppokomody Kabmg Kkat 1 TOAOTIUN cvufo-
M g [poédpov tov @.X. Apkadiog, Kag ®pdykov,
EMEOPAOAY KOTOATIKG otV enttvuyia e Huepidag.

H Hpepida otv Kopotmvn élafe yodpa v Ko-
pakn 9/3/2014 oto gvpvywpo apedéatpo g Ile-
prpépetag Podomnc.. To Oépoto mov avomtoydnkov
petd omd emoyn and tov O.X. Podomng nrov “O
POLOG TOV POAPUAKOTOLOD GE BEpaTO EVILEPMONE KOt
dwaeiplong tov cakyapddovg dafrtn” and v Ap.
K. IeyxAidov Kvprokn kot “Mntpucdg OnAocpoc-
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Awdpo {onc” and tov Ap. k. Adouion Anuntpro. To
«Doppokevtikd PpoviieTiplon, TPAyIATOTOmONKE
amo v Kab. k. Toavtiin-Kakoviidov Avva pe 8épa
“@Dappaxo-IIpoidv vyiotng texvoroyiag”. H ekdniwm-
o1 NTAV OVOIKTH GTO KOO Kol Tapevpidniay mepi-
nov gfdopnvra (70) dropo. tnv Huepida coppetei-
XE ME EVEPYN TAPOVGIN TOV HEADV TOV 0 “EVAAOYOG
Awpntikdv N. Podonng”. Ot cuppetéyovreg £0etéav
1W010{TEPO EVOLOPEPOV KoL GUVEBOAOV LE TIG EPMTH-
GE1G KOl T0 GYOMA TOVG 6T dnpovpyia SadpaocTti-
KNG OTHOGOALPOG KoL OTNV EMLTUYI0 TNG EKONAWDONG.
H E®E evyapiotei tov [1p6edpo tov Pappokentikod
SvALdyov Poddmng k. Toapuméko, kabmg kot Tov Avti-
mpoedpo k. Kpaidylov ya T1g Tpoomdbeieg Toug ot
dropydvoon e npepidag.

Téhog, v Kvprokn 16 Maptiov 2014 mpayporto-
mowOnke oty TOAN Tov Nawmhiov ) Tpitn Empopen-
Tk, Huepido og cuvepyaocio pe tov @.X. ApyoAidog
ko v [Ipdedpo k. Karsovidkov Apiotéa. Ilapovasio
mevivta (50) coppeteydvtov avortdydnke to eALYov
0épo e «@appokosmaypbrvnong amd tov Kab. K.
Agpétfo Kmvotavtivo kot ot cvvéyela to 0épa tmv
Govpuminpoudtov Awtpoeng — Putobepanciocy and
mv Kob. k. ZxaAitod EAévn. To @appokeutikd Opo-
vriotipto £ywve amd tov Kab. k. Agpétlo Kmvotavtivo
Kot apopovce T Xtabepommra Doppaxevtikdv [po-
iovtov kot Idookevoopdrov. Akolovdncav epet-
celg Kol ou{ion, mov avESEIEay TPOoPRANLOTIoNODS
KOl LEYOAO EVOLIPEPOV EK LEPOVG TMV PAPLLOKOTOLDV.

H E.®.E evehmotel oty mepartépm mpoddnon
TV okondv tov Empopepotikov Huepidwv, dniodn
™ ouvveyn Katdptiorn tov Ooppokoroidv Doppokei-
0V o€ emoTnUovIKd Bépata Kot eEEAIEEIG TOV apopPOvV
ot0 Pdppoko, oty TpmToPaduio Ppovtido vyeiog Kot
670 pOAO TOV EMIGTALOVO QUPUOKOTOL0D, KOOMG Kot
TNV avToALaYY OTOYE®DY, CKEYEMV Kol TPOPANLLOTL-
GUOV, HEGO amd YOVILO SIGA0Y0 HETOED EMOTNLOV®V
oV KoBnpepvd avTLeTOTILOVY KOWEG TPOKANCELS.

[eprocdtepeg mAnpogopieg oyetikd pe tig Hue-
pidec Emuopowong & Exnaidevong @appokonoidv
Doppakeiov vrdpyovv oty otocerida g EAAnvi-
kNG @appakevtikng Etaipeiag (E.@.E.) ot diebhbvv-

on www.efe.org.gr
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